GENERAL TESTS, PROCESSES
AND APPARATUS

General Tests, Processes and Apparatus includes common
methods for tests, useful test methods for quality recognition
of drugs and other articles related to them. Unless otherwise
specified, the procedures for acid-neutralizing capacity deter-
mination of gastrointestinal medicines, alcohol number de-
termination, ammonium determination, arsenic determina-
tion, atomic absorption spectrophotometry, test for bacterial
endotoxins, boiling point determination, distilling range de-
termination, chloride determination, conductivity measure-
ment, congealing point determination, determination of bulk
and tapped densities, digestion test, disintegration test, disso-
lution test, endpoint detection in titrimetry, test of extracta-
ble volume for injection, flame coloration, fluorometry,
foreign insoluble matter test for injections, gas chro-
matography, heavy metals determination, test for glass
containers for injections, infrared spectrophotometry,
insoluble particulate matter test for injections, insoluble
particulate matter test for ophthalmic solutions, iron deter-
mination, liquid chromatography, loss on drying determina-
tion, loss on ignition determination, melting point determina-
tion, test for metal particles in ophthalmic ointments,
methanol determination, microbial assay for antibiotics, test
for microbial limit, test for microbial limit for crude drugs,
mineral oil determination, nitrogen determination, nuclear
magnetic resonance spectroscopy, optical rotation determi-
nation, osmolarity determination, oxygen flask combustion
method, particle size distribution test for preparations, pH
determination, test for plastic containers, powder particle
density determination, powder particle size determination,
test for pyrogen, qualitative test, test for readily carbonizable
substances, refractive index determination, residual solvents
test, residue on ignition determination, test for rubber
closure for aqueous infusions, specific gravity and density
determination, specific surface area determination, test for
sterility, sulfate determination, thermal analysis, thin-layer
chromatography, test for total organic carbon, ultraviolet-
visible spectrophotometry, uniformity of dosage units (test
for content uniformity, mass variation test), viscosity
determination, vitamin A assay, water determination, and
X-ray powder diffraction are performed as directed in the
corresponding articles under the General Tests, Processes
and Apparatus. The tests for melting point of fats, congeal-
ing point of fatty acids, specific gravity, acid value, saponifi-
cation value, ester value, hydroxyl value, unsaponifiable mat-
ter and iodine value of fats and fatty oils are performed as
directed in the corresponding items under Fats and Fatty Oils
Test, and sampling, preparation of sample for analysis,
microscopic examination, purity test, loss on drying, total
ash, acid-insoluble ash, extract content, and essential oil con-
tent of crude drugs are performed as directed in the corre-
sponding items under Crude Drugs Test.

The number of each test method is a category number
given individually. The number in blackets (< >) appeared
in monograph indicates the number corresponding to the

general test method.

1. Chemical Methods

1.01 Alcohol Number
Determination

Alcohol Number Determination represents the number of
milliliters of ethanol at 15°C obtained from 10 mL of tin-
cture or other preparations containing ethanol by the follow-
ing procedures.

Method 1 Distilling method

This is a method to determine the Alcohol Number by
reading the number of milliliters of ethanol distillate at 15°C
obtained from 10 mL of a sample measured at 15°C by the
following procedures.

(1) Apparatus

Use hard glass apparatus as illustrated in Fig. 1.01-1.
Ground glass may be used for the joints.

(2) Reagent

Alkaline phenolphthalein solution: To 1 g of phenolphtha-
lein add 7 mL of sodium hydroxide TS and water to make 100
mL.

(3) Procedure

Transfer 10 mL of the sample preparation, accurately
measured at 15 £+ 2°C, to the distilling flask A, add 5 mL of
water and boiling chips. Distil ethanol carefully into the
glass-stoppered, volumetric cylinder D.

By reference to Table 1.01-1, a suitable volume of distillate
(mL) should be collected, according to the content of ethanol
in the sample preparation.

Prevent bumping during distillation by rendering the
sample strongly acidic with phosphoric acid or sulfuric acid,
or by adding a small amount of paraffin, beeswax or silicone
resin before starting the distillation.

When the samples contain the following substances, carry
out pretreatment as follows before distillation.

(i) Glycerin: Add sufficient water to the sample so that
the residue in the distilling flask, after distillation, contains at
least 50% of water.

(ii) Iodine: Decolorize the sample with zinc powder.

(iii) Volatile substances: Preparations containing ap-
preciable proportions of essential oil, chloroform, diethyl
ether or camphor require treatment as follows. Mix 10 mL of
the sample, accurately measured, with 10 mL of saturated
sodium chloride solution in a separator, add 10 mL of
petroleum benzin, and shake. Collect the separated aqueous
layer. The petroleum benzin layer was extracted with two 5
mL portions of saturated sodium chloride solution. Combine
the aqueous layers, and distill. According to the ethanol
content in the sample, collect a volume of distillate 2 to 3 mL
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18 Alcohol Number Determination / General Tests

Table 1.01-1
Ethanol content in Distillate
the sample (vol%) to be collected (mL)
more than 80 13
80 -70 12
70 - 60 11
60 - 50 10
50 -40 9
40 - 30 8
less than 30 7
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The figures are in mm. — =
A: Distilling flask (50-mL})
B: Delivery tube
C: Condenser
D: Glass-stoppered volumetric cylinder
(25 mL, graduated in 0.1 mL})

Fig. 1.01-1

more than that shown in the above Table.

(iv) Other substances: Render preparations containing
free ammonia slightly acidic with dilute sulfuric acid. If
volatile acids are present, render the preparation slightly
alkaline with sodium hydroxide TS, and if the preparations
contain soap along with volatile substances, decompose the
soap with an excess of dilute sulfuric acid before the extrac-
tion with petroleum benzin in the treatment described in (iii).

To the distillate add 4 to 6 g of potassium carbonate and 1
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to 2 drops of alkaline phenolphthalein solution, and shake
vigorously. If the aqueous layer shows no white turbidity,
agitate the distillate with additional potassium carbonate.
After allowing to stand in water at 15 = 2°C for 30 minutes,
read the volume of the upper reddish ethanol layer in mL,
and regard it as the Alcohol Number. If there is no clear
boundary surface between these two layers, shake vigorously
after addition of a few drops of water, then observe in the
same manner.

Method 2 Gas chromatography

This is a method to determine the alcohol number by deter-
mining ethanol (C,Hs;OH) content (vol%) from a sample
measured at 15°C by the following procedures.

(1) Reagent

Ethanol for alcohol number: Ethanol (99.5) with deter-
mined ethanol (C,H;OH) content. The relation between
specific gravity d}g of ethanol and content of ethanol
(C,H;0H) is 0.797 : 99.46 vol%, 0.796 : 99.66 vol%, and
0.795 : 99.86 vol%.

(2) Preparation of sample solution and standard solution

Sample solution: Measure accurately a volume of sample
at 15 = 2°C equivalent to about 5 mL of ethanol (C,H;OH),
and add water to make exactly 50 mL. Measure accurately
25 mL of this solution, add exactly 10 mL of the internal
standard solution, and add water to make 100 mL.

Standard solution: Measure accurately 5 mL of ethanol for
alcohol number at the same temperature as the sample, and
add water to make exactly 50 mL. Measure accurately 25 mL
of this solution, add exactly 10 mL of the internal standard
solution, and add water to make 100 mL.

(3) Procedure

Place 25 mL each of the sample solution and the standard
solution in a 100-mL, narrow-mouthed, cylindrical glass
bottle sealed tightly with a rubber closure and aluminum
band, immerse the bottle up to the neck in water, allowed to
stand at room temperature for more than 1 hour in a room
with little change in temperature, shake gently so as not to
splash the solution on the closure, and allow to stand for 30
minutes. Perform the test with 1 mL each of the gas in the
bottle with a syringe according to the Gas Chromatography
<2.02> under the following conditions, and calculate the
ratios, Qr and Qs, of the peak height of ethanol to that of the
internal standard.

Or 5 (mL)

Os x a volume (mL) of sample

Alcohol number =

ethanol (C,H;OH) content (vol%) of
« ethanol for alcohol number

9.406

Internal standard solution—A solution of acetonitrile (3 in
50).
Operating conditions—

Detector: A hydrogen flame-ionization detector.

Column: A glass tube about 3 mm in inside diameter and
about 1.5 m in length, packed with 150- to 180-um porous
ethylvinylbenzene-divinylbenzene copolymer (mean pore
size: 0.0075 um, 500 - 600 m2/g) for gas chromatography.

Column temperature: A constant temperature between
105°C and 115°C.

Carrier gas: Nitrogen

Flow rate: Adjust the flow rate so that the retention time of
ethanol is 5 to 10 minutes.
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Selection of column: Proceed with 1 mL of the gas ob-
tained from the standard solution in the bottle under the
above operating conditions, and calculate the resolution. Use
a column giving elution of ethanol and the internal standard
in this order with the resolution between these peaks being
not less than 2.0.

1.02 Ammonium Limit Test

Ammonium Limit Test is a limit test for ammonium con-
tained in drugs.

In each monograph, the permissible limit for ammonium
(as NH,) is described in terms of percentage (%) in paren-
theses.

Apparatus

Use a distilling apparatus for ammonium limit test as illus-
trated in Fig. 1.02-1. For the distillation under reduced pres-
sure, use the apparatus shown in Fig. 1.02-2. Either appara-
tus are composed of hard glass, and ground-glass joints may
be used. All rubber parts used in the apparatus should be
boiled for 10 to 30 minutes in sodium hydroxide TS and for
30 to 60 minutes in water, and finally washed thoroughly with
water before use.

Procedure

(1) Preparation of test solution and control
solution—Unless otherwise specified, test solutions and con-
trol solution are prepared as directed in the following.

Place an amount of the sample, directed in the mono-
graph, in the distilling flask A. Add 140 mL of water and 2 g
of magnesium oxide, and connect the distillation apparatus.
To the receiver (measuring cylinder) F add 20 mL of boric
acid solution (1 in 200) as an absorbing solution, and im-
merse the lower end of the condenser. Adjust the heating to

A : Distilling flask
B : Spray trap
E C : Small hole
(about 100mL) | D : Condenser
E:Trap
100N F : Measuring cylinder
G : Stop cock
H and ] : Rubber stoppers
K : Rubber tubing

i —

The figures are in mm.

Fig. 1.02-1 Distilling apparatus for ammonium limit test
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Aspirator /ﬂ
M
d

The figures are in mm.

L: Vacuum distillation flask
(200-mL)

M: Receiver (a 200-mL flask)

N: Water bath

O: Thermometer

P: Funnel

Q: Cooling water

R: Glass cock

S: Rubber tube with screw cock
T: Glass tube for anti-bumping

Fig. 1.02-2 Vacuum distilling apparatus for ammonium
limit test

give a rate of 5to 7 mL per minute of distillate, and distill un-
til the distillate measures 60 mL. Remove the receiver from
the lower end of the condenser, rinsing the end part with a
small quantity of water, add sufficient water to make 100 mL
and designate it as the test solution.

For the distillation under reduced pressure, take the
amount of sample specified in the monograph to the vacuum
distillation flask L, add 70 mL of water and 1 g of magnesium
oxide, and connect to the apparatus (Fig. 1.02-2). To the
receiver M add 20 mL of a solution of boric acid (1 in 200) as
absorbing liquid, put the end of the branch tube of the distil-
lation flask L in the absorbing liquid, and keep at 60°C using
a water bath or alternative equipment. Adjust the reduced
pressure to get the distillate at a rate of 1 to 2 mL per minute,
and continue the distillation until to get 30 mL of the distil-
late. Cool the receiver M with running water during the distil-
lation. Get off the end of the branch tube from surface of the
absorbing liquid, rinse in the end with a small amount of
water, then add water to the liquid to make 100 mL, and per-
form the test using this solution as the test solution.

Place a volume of Standard Ammonium Solution, directed
in the monograph, in the distilling flask A or the vacuum dis-
tillation flask L, proceed as for the preparation of the test so-
lution, and designate it as the control solution.

(2) Test of the test solution and the control
solution—Unless otherwise specified, proceed as directed in
the following.

Place 30 mL each of the test solution and the control solu-
tion in Nessler tubes, add 6.0 mL of phenol-sodium pentac-
yanonitrosylferrate (III) TS to each solution, and mix. Then
add 4 mL of sodium hypochlorite-sodium hydroxide TS and
water to make 50 mL, mix, and allow to stand for 60
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minutes. Compare the color of both solutions against a white
background by viewing downward or transversely: the color
developed in the test solution is not more intense than that of
the control solution.

1.03 Chloride Limit Test

Chloride Limit Test is a limit test for chloride contained in
drugs.

In each monograph, the permissible limit for chloride (as
Cl) is described in terms of percentage (%) in parentheses.

Procedure

Unless otherwise specified, transfer the quantity of the
sample, directed in the monograph, to a Nessler tube, and
dissolve it in a proper volume of water to make 40 mL. Add 6
mL of dilute nitric acid and water to make 50 mL, and use
this solution as the test solution. Transfer the volume of 0.01
mol/L hydrochloric acid VS, directed in the monograph, to
another Nessler tube, add 6 mL of dilute nitric acid and water
to make 50 mL, and use this solution as the control solution.
When the test solution is not clear, filter both solutions by
using the same procedure.

Add 1 mL of silver nitrate TS to the test solution and to the
control solution, mix well, and allow to stand for 5 minutes
protecting from direct sunlight. Compare the opalescence
developed in both solutions against a black background by
viewing downward or transversely.

The opalescence developed in the test solution is not more
than that of the control solution.

1.04 Flame Coloration Test

Flame Coloration Test is a method to detect an element, by
means of the property that the element changes the colorless
flame of a Bunsen burner to its characteristic color.

(1) Salt of metal—The platinum wire used for this test is
about 0.8 mm in diameter, and the end part of it is straight.
In the case of a solid sample, make the sample into a gruel by
adding a small quantity of hydrochloric acid, apply a little of
the gruel to the 5-mm end of the platinum wire, and test by
putting the end part in a colorless flame, keeping the plati-
num wire horizontal. In the case of a liquid sample, immerse
the end of the platinum wire into the sample to about 5 mm in
length, remove from the sample gently, and perform the test
in the same manner as for the solid sample.

(2) Halide—Cut a copper net, 0.25 mm in opening and
0.174 mm in wire diameter, into a strip 1.5 cm in width and 5
cm in length, and wind in round one end of a copper wire.
Heat the copper net strongly in the colorless flame of Bunsen
burner until the flame no longer shows a green or blue color,
and then cool it. Repeat this procedure several times, and
coat the net completely with cupric oxide. After cooling, un-
less otherwise specified, apply about 1 mg of the sample to
the copper net, ignite, and burn it. Repeat this procedure
three times, and then test by putting the copper net in the
colorless flame.

The description, ‘‘Flame coloration persists’’, in a mono-
graph, indicates that the reaction persists for 4 seconds.
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1.05 Mineral Oil Test

Mineral Oil Test is a method to test mineral oil in nonaque-
ous solvents for injections and for eye drops.

Procedure

Pour 10 mL of the sample into a 100-mL flask, and add 15
mL of sodium hydroxide solution (1 in 6) and 30 mL of
ethanol (95). Put a short-stemmed, small funnel on the neck
of the flask, and heat on a water bath to make clear, with fre-
quent shaking. Then transfer the solution to a shallow por-
celain dish, evaporate the ethanol on a water bath, add 100
mL of water to the residue, and heat on a water bath: no tur-
bidity is produced in the solution.

1.06 Oxygen Flask Combustion
Method

Oxygen Flask Combustion Method is a method for the
identification or the determination of halogens or sulfur
produced by combusting organic compounds, which contain
chlorine, bromine, iodine, fluorine or sulfur, in a flask filled
with oxygen.

Apparatus
Use the apparatus shown in Fig. 1.06-1.

Preparation of test solution and blank solution

Unless otherwise specified, prepare them by the following
method.

(1) Preparation of sample

(i) For solid samples: Place the quantity of the sample
specified in the monograph on the center of the filter illustrat-
ed in the figure, weigh accurately, wrap the sample carefully
along the dotted line without scattering, and place the parcel
in a platinum basket or cylinder B, leaving its fuse-strip on
the outside.

(ii)) For liquid samples: Roll a suitable amount of absor-
bent cotton with filter paper, 50 mm in length and 5 mm in
width, so that the end part of the paper is left to a length of
about 20 mm as a fuse-strip, and place the parcel in a plati-
num basket or cylinder B. Place the sample in a suitable glass
tube, weigh accurately, and moisten the cotton with the
quantity of the sample specified in the monograph, bringing
the edge of the sample in contact with the cotton.

(2) Method of combustion

Place the absorbing liquid specified in the monograph in
flask A, fill it with oxygen, moisten the ground part of the
stopper C with water, then ignite the fuse-strip, immediatey
transfer it to the flask, and keep the flask airtight until the
combustion is completed. Shake the flask occasionally until
the white smoke in A vanishes completely, allow to stand for
15 to 30 minutes, and designate the resulting solution as the
test solution. Prepare the blank solution in the same manner,
without sample.

Procedure of determination

Unless otherwise specified in the monograph, perform the
test as follows.

(1) Chlorine and bromine

Apply a small amount of water to the upper part of A, pull
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A: Colorless, thick-walled (about 2 mm), 500-mL hard glass
flask, the upper part of which is made like a saucer. A flask
made of quartz should be used for the determination of
fluorine.

B: Platinum basket or cylinder made of platinum woven gauge.
(It is hung at the end of the stopper C with platinum wire).

C: Ground stopper made of hard glass. A stopper made of
quartz should be used for the determination of fluorine.

Fig. 1.06-1

out C carefully, and transfer the test solution to a beaker.
Wash C, B and the inner side of A with 15 mL of 2-propanol,
and combine the washings with the test solution. To this solu-
tion add 1 drop of bromophenol blue TS, add dilute nitric
acid dropwise until a yellow color develops, then add 25 mL
of 2-propanol, and titrate <2.50> with 0.005 mol/L silver ni-
trate VS according to the potentiometric titration under the
Electrometric titration. Perform the test with the blank solu-
tion in the same manner, and make any necessary correction.

Each mL of 0.005 mol/L silver nitrate VS
=0.1773 mg of Cl

Each mL of 0.005 mol/L silver nitrate VS
=0.3995 mg of Br

(2) Iodine

Apply a small amount of water to the upper part of A, pull
out C carefully, add 2 drops of hydrazine hydrate to the test
solution, put C on A, and decolorize the solution by vigorous
shaking. Transfer the content of A to a beaker, wash C, B
and the inner side of A with 25 mL of 2-propanol, and trans-
fer the washings to the above beaker. To this solution add 1
drop of bromophenol blue TS, then add dilute nitric acid
dropwise until a yellow color develops, and titrate <2.50> with
0.005 mol /L silver nitrate VS according to the Potentiomet-
ric tiration under Electrometric Titration. Perform the test
with the blank solution in the same manner, and make any
necessary correction.
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Each mL of 0.005 mol/L silver nitrate VS
=0.6345mg of |

(3) Fluorine

Apply a small amount of water to the upper part of A, pull
out C carefully, transfer the test solution and the blank solu-
tion to 50 mL volumetric flasks separately, wash C, B and the
inner side of A with water, add the washings and water to
make 50 mL, and use these solutions as the test solution and
the correction solution. Pipet the test solution (V' mL) equiva-
lent to about 30 ng of fluorine, ¥ mL of the correction solu-
tion and 5 mL of standard fluorine solution, transfer to
50-mL volumetric flasks separately, add 30 mL of a mixture
of alizarin complexone TS, acetic acid-potassium acetate
buffer solution, pH 4.3 and cerium (III) nitrate TS (1:1:1),
add water to make 50 mL, and allow to stand for 1 hour. Per-
form the test with these solutions as directed under Ultrav-
iolet-visible Spectrophotometry <2.24>, using a blank pre-
pared with 5 mL of water in the same manner. Determine the
absorbances, Ar, Ac and Ag, of the subsequent solutions of
the test solution, the correction solution and the standard so-
lution at 600 nm.

Amount (mg) of fluorine (F) in the test solution
=amount (mg) of fluorine in 5 mL of
. AT _AC 50
the standard solution X Ts X N7
Standard Fluorine Solution: Dry sodium fluoride (standard
reagent) in a platinum crucible between 500°C and 550°C for
1 hour, cool it in a desiccator (silica gel), weigh accuraly
about 66.3 mg of it, and dissolve in water to make exactly 500
mL. Pipet 10 mL of this solution, and dilute with sufficient
water to make exactly 100 mL.
(4) Sulfur
Apply a small amount of water to the upper part of A, pull
out C carefully, and wash C, B and the inner side of A with
15 mL of methanol. To this solution add 40 mL of methanol,
then add exactly 25 mL of 0.005 mol/L barium perchlorate
VS, allow to stand for 10 minutes, add 0.15 mL of arsenazo
I TS with a measuring pipet, and titrate <2.50> with 0.005
mol/L sulfuric acid VS. Perfrom the test with the blank solu-
tion in the same manner.

Each mL of 0.005 mol/L barium perchlorate VS
=0.1604 mg of S

1.07 Heavy Metals Limit Test

Heavy Metals Limit Test is a limit test of the quantity of
heavy metals contained as impurities in drugs. The heavy
metals are the metallic inclusions that are darkened with sodi-
um sulfide TS in acidic solution, as their quantity is expressed
in terms of the quantity of lead (Pb).

In each monograph, the permissible limit for heavy metals
(as Pb) is described in terms of ppm in parentheses.

Preparation of test solutions and control solutions

Unless otherwise specified, test solutions and control solu-
tions are prepared as directed in the following:

(1) Method 1

Place an amount of the sample, directed in the mono-
graph, in a Nessler tube. Dissolve in water to make 40 mL.
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Add 2 mL of dilute acetic acid and water to make 50 mL, and
designate it as the test solution.

The control solution is prepared by placing the volume of
Standard Lead Solution directed in the monograph in a Ness-
ler tube, and adding 2 mL of dilute acetic acid and water to
make 50 mL.

(2) Method 2

Place an amount of the sample, directed in the mono-
graph, in a quartz or porcelain crucible, cover loosely with a
lid, and carbonize by gentle ignition. After cooling, add 2 mL
of nitric acid and 5 drops of sulfuric acid, heat cautiously un-
til white fumes are no longer evolved, and incinerate by igni-
tion between 500°C and 600°C. Cool, add 2mL of
hydrochloric acid, evaporate to dryness on a water bath,
moisten the residue with 3 drops of hydrochloric acid, add 10
mL of hot water, and warm for 2 minutes. Then add 1 drop
of phenolphthalein TS, add ammonia TS dropwise until the
solution develops a pale red color, add 2 mL of dilute acetic
acid, filter if necessary, and wash with 10 mL of water.
Transfer the filtrate and washings to a Nessler tube, and add
water to make 50 mL. Designate it as the test solution.

The control solution is prepared as follows: Evaporate a
mixture of 2 mL of nitric acid, 5 drops of sulfuric acid and 2
mL of hydrochloric acid on a water bath, further evaporate
to dryness on a sand bath, and moisten the residue with 3
drops of hydrochloric acid. Hereinafter, proceed as directed
in the test solution, then add the volume of Standard Lead
Solution directed in the monograph and water to make 50
mL.

(3) Method 3

Place an amount of the sample, directed in the mono-
graph, in a quartz or porcelain crucible, heat cautiously,
gently at first, and then increase the heat until incineration is
completed. After cooling, add 1 mL of aqua regia, evaporate
to dryness on a water bath, moisten the residue with 3 drops
of hydrochloric acid, add 10 mL of hot water, and warm for
2 minutes. Add 1 drop of phenolphthalein TS, add ammonia
TS dropwise until the solution develops a pale red color, add
2 mL of dilute acetic acid, filter if necessary, wash with 10
mL of water, transfer the filtrate and washings to a Nessler
tube, and add water to make 50 mL. Designate it as the test
solution.

The control solution is prepared as follows: Evaporate 1
mL of aqua regia to dryness on a water bath. Hereinafter,
proceed as directed for the test soluttion, and add the volume
of Standard Lead Solution directed in the monograph and
water to make 50 mL.

(4) Method 4

Place an amount of the sample, directed in the mono-
graph, in a platinum or porcelain crucible, mix with 10 mL of
a solution of magnesium nitrate hexahydrate in ethanol (95)
(1 in 10), fire the ethanol to burn, and carbonize by gradual
heating. Cool, add 1 mL of sulfuric acid, heat carefully, and
incinerate by ignition between 500°C and 600°C. If a car-
bonized substance remains, moisten with a small amount of
sulfuric acid, and incinerate by ignition. Cool, dissolve the
residue in 3 mL of hydrochloric acid, evaporate on a water
bath to dryness, wet the residue with 3 drops of hydrochloric
acid, add 10 mL of water, and dissolve by warming. Add 1
drop of phenolphthalein TS, add ammonia TS dropwise until
a pale red color develops, then add 2 mL of dilute acetic acid,
filter if necessary, wash with 10 mL of water, transfer the
filtrate and the washing to a Nessler tube, add water to make
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50 mL, and use this solution as the test solution.

The control solution is prepared as follows: Take 10 mL of
a solution of magnesium nitrate hexahydrate in ethanol (95)
(1 in 10), and fire the ethanol to burn. Cool, add 1 mL of
sulfuric acid, heat carefully, and ignite between 500°C and
600°C. Cool, and add 3 mL of hydrochloric acid. Here-
inafter, proceed as directed in the test solution, then add the
volume of Standard Lead Solution directed in the mono-
graph and water to make 50 mL.

Procedure

Add 1 drop of sodium sulfide TS to each of the test solu-
tion and the control solution, mix thoroughly, and allow to
stand for 5 minutes. Then compare the colors of both solu-
tions by viewing the tubes downward or transversely against a
white background. The test solution has no more color than
the control solution.

1.08 Nitrogen Determination
(Semimicro-Kjeldahl Method)

Nitrogen Determination is a method to determine ammo-
nia in ammonium sulfate obtained by decomposition of or-
ganic substances containing nitrogen with sulfuric acid.

Apparatus

Use the apparatus illustrated in Fig. 1.08-1. It is thorough-
ly constructed of hard glass, and ground glass surfaces may
be used for joints. All rubber parts used in the apparatus
should be boiled for 10 to 30 minutes in sodium hydroxide TS
and for 30 to 60 minutes in water, and finally washed
thoroughly with water before use.

Procedure

Unless otherwise specified, proceed by the following
method. Weigh accurately or pipet a quantity of the sample
corresponding to 2 to 3 mg of nitrogen (N:14.01), and place
in the Kjeldahl flask A. Add 1 g of a powdered mixture of 10
g of potassium sulfate and 1 g of cupper (II) sulfate pentahy-
drate. Wash down any adhering sample from the neck of the
flask with a small quantity of water. Add 7 mL of sulfuric
acid, allowing it to flow down the inside wall of the flask.

Then, while shaking the flask, add cautiously 1 mL of
hydrogen peroxide (30) drop by drop along the inside wall of
the flask. Heat the flask gradually, then heat so strong that
the vapor of sulfuric acid is condensed at the neck of the
flask, until the solution changes through a blue and clear to a
vivid green and clear, and the inside wall of the flask is free
from a carbonaceous material. If necessary, add a small
quantity of hydrogen peroxide (30) after cooling, and heat
again. After cooling, add cautiously 20 mL of water, cool the
solution, and connect the flask to the distillation apparatus
(Fig. 1.08-1) washed beforehand by passing steam through it.
To the absorption flask K add 15 mL of boric acid solution (1
in 25), 3 drops of bromocresol green-methyl red TS and
sufficient water to immerse the lower end of the condenser
tube J. Add 30 mL of sodium hydroxide solution (2 in 5)
through the funnel F, rinse cautiously the funnel with 10 mL
of water, immediately close the clamp attached to the rubber
tubing G, then begin the distillation with steam, and continue
until the distillate measures 80 to 100 mL. Remove the ab-
sorption flask from the lower end of the condenser tube J,
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The figures are in mm.

A: Kjeldahl flask

B: Steam generator, containing water, to which 2 to 3 drops of
sulfuric acid and fragments of boiling tips for preventing
bumping have been added

C: Spray trap

D: Water supply funnel

E: Steam tube

F: Funnel for addition of alkali solution to flask A

(G: Rubber tubing with a clamp

H: A small hole having a diameter approximately equial to that
of the delivery tube

J: Condenser, the lower end of which is beveled

K: Absorption flask

Fig. 1.08-1

rinsing the end part with a small quantity of water, and titrate
<2.50> the distillate with 0.005 mol/L sulfuric acid VS until
the color of the solution changes from green through pale
grayish blue to pale grayish red-purple. Perform a blank de-
termination in the same manner, and make any necessary
correction.

Each mL of 0.005 mol/L sulfuric acid VS
=0.1401 mg of N

1.09 Qualitative Tests

Qualitative Tests are applied to the identification of drugs
and are done generally with quantities of 2 to 5 mL of the test
solution.

Acetate

(1) When warmed with diluted sulfric acid (1 in 2),
acetates evolve the odor of acetic acid.

(2) When an acetate is warmed with sulfuric acid and a
small quantity of ethanol (95), the odor of ethyl acetate is
evolved.

General Tests / Qualitative Tests 23

(3) Neutral solutions of acetates produce a red-brown
color with iron (III) chloride TS, and a red-brown precipitate
when boiled. The precipitate dissolves and the color of the so-
lution changes to yellow upon addition of hydrochloric acid.

Aluminum salt

(1) Solutions of aluminum salts, when treated with am-
monium chloride TS and ammonia TS, yield a gelatinous,
white precipitate which does not dissolve in an excess of am-
monia TS.

(2) Solutions of aluminum salts, when treated with sodi-
um hydroxide TS, yield a gelatinous, white precipitate which
dissolves in an excess of the reagent.

(3) Solutions of aluminum salts, when treated with sodi-
um sulfide TS, yield a gelatinous, white precipitate which dis-
solves in an excess of the reagent.

(4) Add ammonia TS to solutions of aluminum salts until
a gelatinous, white precipitate is produced. The color of the
precipitate changes to red upon addition of 5 drops of aliza-
rin red S TS.

Ammonium salt

When heated with an excess of sodium hydroxide TS, am-
monium salts evolve the odor of ammonia. This gas changes
moistened red litmus paper to blue.

Antimony salt, primary

(1) When primary antimony salts are dissolved in a slight
excess of hydrochloric acid for the test and then diluted with
water, a white turbidity is produced. The mixture produces
an orange precipitate upon addition of 1 to 2 drops of sodium
sulfide TS. When the precipitate is separated, and sodium sul-
fide TS is added to one portion of the precipitate and sodium
hydroxide TS is added to another portion, it dissolves in
either of these reagents.

(2) Add water to acidic solutions of primary antimony
salts in hydrochloric acid until a small quantity of precipitate
is produced, and then add sodium thiosulfate TS: the
precipitate dissolves. A red precipitate is reproduced when
the solution is heated.

Aromatic amines, primary

Acidic solutions of primary aromatic amines, when cooled
in ice, mixed with 3 drops of sodium nitrite TS under agita-
tion, allowed to stand for 2 minutes, mixed well with 1 mL of
ammonium amidosulfate TS, allowed to stand for 1 minute,
and then mixed with 1mL of N,N-diethyl-N’-1-
naphtylethylenediamine oxalate TS, exhibit a red-purple
color.

Arsenate

(1) Neutral solutions of arsenates produce no precipitate
with 1 to 2 drops of sodium sulfide TS, but produce a yellow
precipitate with hydrochloric acid subsequently added. The
separated precipitate dissolves in ammonium carbonate TS.

(2) Neutral solutions of arsenates produce a dark red-
brown precipitate with silver nitrate TS. When dilute nitric
acid is added to one portion of the suspension, and ammonia
TS is add to another portion, the precipitate dissolves in
either of these reagents.

(3) Neutral or ammonia alkaline solutions of arsenates
produce with magnesia TS a white, crystalline precipitate,
which dissolves by addition of dilute hydrochloric acid.

Arsenite
(1) Acidic solutions of arsenites in hydrochloric acid
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produce a yellow precipitate with 1 to 2 drops of sodium sul-
fide TS. When hydrochloric acid is added to one portion of
the separated precipitate, it does not dissolve. When ammo-
nium carbonate TS is added to another portion, the
precipitate dissolves.

(2) Slightly alkaline solutions of arsenites produce a yel-
lowish white precipitate with silver nitrate TS. When ammo-
nia TS is added to one portion of the suspension, and dilute
nitric acid is added to another portion, the precipitate dis-
solves in either of these reagents.

(3) Slightly alkaline solutions of arsenites produce a
green precipitate with copper (II) sulfate TS. When the sepa-
rated precipitate is boiled with sodium hydroxide TS, it
changes to red-brown.

Barium salt

(1) When the Flame Coloration Test (1) <I.04> is applied
to barium salts, a persistent yellow-green color develops.

(2) Solutions of barium salts produce with dilute sulfuric
acid a white precipitate, which does not dissolve upon addi-
tion of dilute nitric acid.

(3) Acidic solutions of barium salts in acetic acid produce
a yellow precipitate with potassium chromate TS. The
precipitate dissolves by addition of dilute nitric acid.

Benzoate

(1) Concentrated solutions of benzoates produce a white,
crysralline precipitate with dilute hydrochloric acid. The
separated precipitate, washed with cold water and dried,
melts between 120°C and 124°C <2.60>.

(2) Neutral solutions of benzoates produce a pale yellow-
red precipitate upon dropwise addition of iron (III) chloride
TS. The precipitate changes to white on subsequent addition
of dilute hydrochloric acid.

Bicarbonate

(1) Bicarbonates effervesce upon addition of dilute
hydrochloric acid, generating a gas, which produces a white
precipitate immediately, when passed into calcium hydroxide
TS (common with carbonates).

(2) Solutions of bicarbonates produce no precipitate with
magnesium sulfate TS, but produce a white precipitate when
boiled subsequently.

(3) A cold solution of bicarbonates remains unchanged
or exhibits only a slightly red color upon addition of 1 drop
of phenolphthalein TS (discrimination from carbonates).

Bismuth salt

(1) Bismuth salts, dissolved in a slight excess of
hydrochloric acid, yield a white turbidity upon dilution with
water. A dark brown precipitate is produced with 1 to 2 drops
of sodium sulfide TS subsequently added.

(2) Acidic solutions of bismuth salts in hydrochloric acid
exhibit a yellow color upon addition of thiourea TS.

(3) Solution of bismuth salts in dilute nitric acid or in di-
lute sulfuric acid yield with potassium iodide TS a black
precipitate, which dissolves in an excess of the reagent to give
an orange-colored solution.

Borate

(1) When ignite a mixture of a borate with sulfuric acid
and methanol, it burns with a green flame.

(2) Turmeric paper, when moistened with acidic solutions
of borates in hydrochloric acid and dried by warming, ex-
hibits a red color, which changes to blue with ammonia TS
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added dropwise.

Bromate

(1) Acidic solutions of bromates in nitric acid yield with 2
to 3 drops of silver nitrate TS a white, crystalline precipitate,
which dissolves upon heating. When 1 drop of sodium nitrite
TS is added to this solution, a pale yellow precipitate is
produced.

(2) Acidic solutions of bromates in nitric acid exhibit a
yellow to red-brown color upon addition of 5 to 6 drops of
sodium nitrite TS. When 1 mL of chloroform is added to the
mixture and shaken, the chloroform layer exhibits a yellow to
red-brown color.

Bromide

(1) Solutions of bromides yield a pale yellow precipitate
with silver nitrate TS. Upon addition of dilute nitric acid to a
portion of the separated precipitate, it dose not dissolve.
When ammonia solution (28) is added to another portion and
shaken, the separated solution yields a white turbidity upon
acidifying with dilute nitric acid.

(2) Solutions of bromides exhibit a yellow-brown color
with chlorine TS. The mixture is separated into 2 portions.
When one portion is shaken with chloroform, the chloroform
layer exhibits a yellow-brown to red-brown color. When
phenol is added to the other portion, a white precipitate is
produced.

Calcium salt

(1) When the Flame Coloration Test (1) </.04> is applied
to calcium salts, a yellow-red color develops.

(2) Solutions of calcium salts yield a white precipitate
with ammonium carbonate TS.

(3) Solutions of calcium salts yield a white precipitate
with ammonium oxalate TS. The separated precipitate does
not dissolve in dilute acetic acid, but dissolves in dilute
hydrochloric acid.

(4) Neutral solutions of calcium salts produce no
precipitate, when mixed with 10 drops of potassium chro-
mate TS and heated (discrimination from strontium salts).

Carbonate

(1) Carbonates effervesce upon addition of dilute
hydrochloric acid, generating a gas, which produces a white
precipitate immediately, when passed into calcium hydroxide
TS (common with bicarbonates).

(2) Solutions of carbonates yield with magnesium sulfate
TS a white precipitate, which dissolves by addition of dilute
acetic acid.

(3) Cold solutions of carbonates exhibit a red color with 1
drop of phenolphthalein TS (discrimination from bicar-
bonates).

Ceric salt

(1) When a cerous salt is mixed with 2.5 times its mass of
lead (IV) oxide, nitric acid is added and the solution is boiled,
it exhibits a yellow color.

(2) Solutions of cerous salts yield a yellow to red-brown
precipitate upon addition of hydrogen peroxide TS and
ammonia TS.

Chlorate

(1) Solutions of chlorates yield no precipitate with silver
nitrate TS. When 2 to 3 drops of sodium nitrite TS and dilute
nitric acid are added to the mixture, a white precipitate is
produced gradually, which dissolves by addition of ammonia
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TS.

(2) When indigocarmine TS is added dropwise to neutral
solutions of chlorates until a pale blue color appears, and the
mixture is acidified with dilute sulfuric acid, the blue color
vanishes promptly upon subsequent dropwise addition of so-
dium hydrogensulfite TS.

Chloride

(1) Solution of chlorides evolve an odor of chlorine,
when mixed with sulfuric acid and potassium permanganate,
and heated. The gas evolved turns moistened potassium
iodide starch paper blue.

(2) Solutions of chlorides yield a white precipitate with
silver nitrate TS. When dilute nitric acid is added to a portion
of the separated precipitate, it does not dissolve. When an ex-
cess of ammonia TS is added to another portion, the
precipitate dissolves.

Chromate

(1) Solutions of chromates exhibit a yellow color.

(2) Solutions of chromates produce a yellow precipitate
with lead (II) acetate TS. When acetic acid (31) is added to a
portion of the suspension, the precipitate does not dissolve.
When dilute nitric acid is added to another portion, the
precipitate dissolves.

(3) When acidic solutions of chromates in sulfuric acid
are mixed with an equal volume of ethyl acetate and 1 to 2
drops of hydrogen peroxide TS, shaken immediately and al-
lowed to stand, the ethyl acetate layer exhibits a blue color.

Citrate

(1) When 20 mL of a mixture of pyridine and acetic anhy-
dride (3:1) is added to 1 or 2 drops of a solution of citrate,
and the solution is allowed to stand for 2 to 3 minutes, a red-
brown color develops.

(2) Neutral solutions of citrates, when mixed with an
equal volume of dilute sulfuric acid and two-thirds volume of
potassium permanganate TS, heated until the color of per-
manganate is discharged, and then treated dropwise with bro-
mine TS to one-tenth of total volume, yield a white
precipitate.

(3) Neutral solutions of citrates, when boiled with an ex-
cess of calcium chloride TS, yield a white crystalline
precipitate. When sodium hydroxide TS is added to a portion
of the separated precipitate, it does not dissolve. When dilute
hydrochloric acid is added to another portion, the precipitate
dissolves.

Cupric salt

(1) When a well polished iron plate is immersed in acidic
solutions of cupric salts in hydrochloric acid, a red metallic
film appears on its surface.

(2) Solutions of cupric salts produce a pale blue
precipitate with a small quantity of ammonia TS. The
precipitate dissolves in an excess of the reagent, yielding a
deep blue-colored solution.

(3) Solutions of cupric salts yield a red-brown precipitate
with potassium hexacyanoferrate (II) TS. When dilute nitric
acid is added to a portion of the suspension, the precipitate
does not dissolve. When ammonia TS is added to another
portion, the precipitate dissolves, yielding a deep blue-
colored solution.

(4) Solutions of cupric salts produce a black precipitate
with sodium sulfide TS. When dilute hydrochloric acid, dilute
sulfuric acid or sodium hydroxide TS is added to a portion of
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the separated precipitate, it does not dissolve. When hot di-
lute nitric acid is added to another portion, the precipitate
dissolves.

Cyanide

(1) Solutions of cyanides yield a white precipitate with an
excess of silver nitrate TS. When dilute nitric acid is added to
a portion of the separated precipitate, it does not dissolve.
When ammonia TS is added to another portion, the
precipitate dissolves.

(2) Solutions of cyanides yield a blue precipitate, when
mixed by shaking with 2 to 3 drops of iron (II) sulfate TS, 2
to 3 drops of dilute iron (III) chloride TS and 1 mL of sodium
hydroxide TS, and then acidified with dilute sulfuric acid.

Dichromate

(1) Solutions of dichromates exhibit a yellow-red color.

(2) Solutions of dichromates produce a yellow precipitate
with lead (II) acetate TS. When acetic acid (31) is added to
one portion of the suspension, the precipitate dose not dis-
solve. When dilute nitric acid is added to another portion, the
precipitate dissolves.

(3) When acidic solutions of dichromates in sulfuric acid
are mixed with an equal volume of ethyl acetate and with 1 to
2 drops of hydrogen peroxide TS, shaken immediately and al-
lowed to stand, the ethyl acetate layer exhibits a blue color.

Ferric salt

(1) Slightly acidic solutions of ferric salts yield with
potassium hexacyanoferrate (II) TS a blue precipitate, which
does not dissolve in dilute hydrochloric acid subsequently
added.

(2) Solutions of ferric salts yield with sodium hydroxide
TS a gelatinous, red-brown precipitate, which changes to
black upon addition of sodium sulfide TS. The separated
precipitate dissolves in dilute hydrochloric acid, yielding a
white turbidity.

(3) Slightly acidic solutions of ferric salts exhibit a purple
color with 5-sulfosalicylic acid TS.

Ferricyanide

(1) Solutions of ferricyanides exhibit a yellow color.

(2) Solutions of ferricyanides yield with iron (II) sulfate
TS a blue precipitate, which does not dissolve in dilute
hydrochloric acid subsequently added.

Ferrocyanide

(1) Solutions of ferrocyanides yield with iron (III) chlo-
ride TS a blue precipitate, which does not dissolve in dilute
hydrochloric acid subsequently added.

(2) Solutions of ferrocyanides yield with copper (II) sul-
fate TS a red-brown precipitate, which does not dissolve in
dilute hydrochloric acid subsequently added.

Ferrous salt

(1) Slightly acidic solutions of ferrous salts yield with
potassium hexacyanoferrate (III) TS a blue precipitate, which
does not dissolve in dilute hydrochloric acid subsequently
added.

(2) Solutions of ferrous salts yield with sodium hydroxide
TS a greenish gray, gelatinous precipitate, which changes to
black with sodium sulfide TS. The separated precipitate dis-
solves in dilute hydrochloric acid.

(3) Neutral or slightly acidic solutions of ferrous salts ex-
hibit an intense red color upon dropwise addition of a solu-
tion of 1,10-phenanthroline monohydrate in ethanol (95) (1
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in 50).

Fluoride

(1) When solutions of fluorides are heated with chromic
acid-sulfuric acid TS, the inside of the test tube is not
moistened uniformly.

(2) Neutral or slightly acidic solutions of fluorides exhibit
a blue-purple color after standing with 1.5 mL of a mixture
of alizarin complexone TS, acetic acid-potassium acetate
buffer solution, pH 4.3, and cerium (III) nitrate TS (1:1:1).

Glycerophosphate

(1) Solutions of glycerophosphates remain unaffected by
addition of calcium chloride TS, but yield a precipitate when
boiled.

(2) Solutions of glycerophosphates yield no precipitate
with hexaammonium heptamolybdate TS in the cold, but
yield a yellow precipitate when boiled for a long time.

(3) When glycerophosphates are mixed with an equal
mass of powdered potassium hydrogen sulfate and heated
gently over a free flame, the pungent odor of acrolein is
evolved.

Todide

(1) Solutions of iodides yield a yellow precipitate with sil-
ver nitrate TS. When dilute nitric acid is added to one portion
of the suspension, and ammonia solution (28) to another por-
tion, the precipitates do not dissolve in either of these rea-
gents.

(2) Acidic solutions of iodides exhibit a yellow-brown
color with 1 to 2 drops of sodium nitrite TS and then yield a
black-purple precipitate. The solutions exhibit a deep blue
color with starch TS subsequently added.

Lactate

Acidic solutions of lactates in sulfuric acid, when heated
with potassium permanganate TS, evolve the odor of acetal-
dehyde.

Lead salt

(1) Solutions of lead salts yield a white precipitate with
dilute sulfuric acid. When dilute nitric acid is added to a por-
tion of the separated precipitate, it does not dissolve. When
sodium hydroxide TS is added to another portion and
warmed, or when ammonium acetate TS is added to another
portion, the precipitate dissolves.

(2) Solutions of lead salts yield with sodium hydroxide
TS a white precipitate, which dissolves in an excess of sodium
hydroxide TS, and yields a black precipitate upon subsequent
addition of sodium sulfide TS.

(3) Acidic solutions of lead salts in dilute acetic acid yield
with potassium chromate TS a yellow precipitate, which does
not dissolve in ammonia TS but dissolves in sodium
hydroxide TS subsequently added.

Lithium salt

(1) When the Flame Coloratuion Test (1) <1.04> is applied
to lithium salts, a persistent red color develops.

(2) Solutions of lithium salts yield with disodium
hydrogenphosphate TS a white precipitate, which dissolves
upon subsequent addition of dilute hydrochloric acid.

(3) Solutions of lithium salts yield no precipitate with di-
lute sulfuric acid (discrimination from strontium salts).

Magnesium salt
(1) Solutions of magnesium salts yield upon warming
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with ammonium carbonate TS a white precipitate, which dis-
solves in ammonium chloride TS. A white, crystalline
precipitate is reproduced by subsequent addition of disodium
hydrogenphosphate TS.

(2) Solutions of magnesium salts yield with sodium
hydroxide TS a white, gelatinous precipitate. When iodine TS
is added to one portion of the suspension, the precipitate de-
velops a dark-brown color. When excess sodium hydroxide
TS is added to another portion, the precipitate does not dis-
solve.

Manganese salt

(1) Solutions of manganese salts yield a white precipitate
with ammonia TS. When silver nitrate TS is added to a por-
tion of the suspension, the precipitate changes to black.
When another portion is allowed to stand, the upper part of
the precipitate exhibits a brownish color.

(2) Acidic solutions of manganese salts in dilute nitric
acid exhibit a purple-red color with a small quantity of pow-
dered bismuth sodium trioxide.

Mercuric salt

(1) A copper plate is immersed in solutions of mercuric
salts, allowed to stand, taken out, and then washed with
water. The plate becomes bright and silvery white in appear-
ance, when rubbed with paper or cloth (common with mer-
curous salts).

(2) Solutions of mercuric salts yield with a small quantity
of sodium sulfide TS a black precipitate, which dissolves in
an excess of the reagent. The black precipitate is reproduced
by subsequent addition of ammonium chloride TS.

(3) When potassium iodide TS is added dropwise to neu-
tral solutions of mercuric salts, a red precipitate is produced.
The precipitate dissolves in an excess of the reagent.

(4) Acidic solutions of mercuric salts in hydrochloric acid
yield with a small quantity of tin (II) chloride TS a white
precipitate, which changes to grayish black upon addition of
an excess of the reagent.

Mercurous salt

(1) A copper plate is immersed in solutions of mercurous
salts, allowed to stand, taken out, and then washed with
water. The plate becomes bright and silvery white in appear-
ance, when rubbed with paper or cloth (common with mer-
curic salts).

(2) Mercurous salts or their solutions exhibit a black
color with sodium hydroxide TS.

(3) Solutions of mercurous salts yield a white precipitate
with dilute hydrochloric acid. The separated precipitate
changes to black upon addition of ammonia TS.

(4) Solutions of mercurous salts yield with potassium
iodide TS a yellow precipitate, which changes to green, when
allowed to stand, and changes again to black upon subse-
quent addition of an excess of the reagent.

Nitrate

(1) When a solution of nitrates is mixed with an equal
volume of sulfuric acid, the mixture is cooled, and iron (II)
sulfate TS is superimposed, a dark brown ring is produced at
the junction of the two liquids.

(2) Solutions of nitrates exhibit a blue color with
diphenylamine TS.

(3) When potassium permanganate TS is added to acidic
solutions of nitrates in sulfuric acid, the red-purple color of
the reagent does not fade (discrimination from nitrites).
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Nitrite

(1) Solutions of nitrites, when acidified with dilute sulfur-
ic acid, evolve a yellow-brown gas with a characteristic odor.
The solutions exhibit a dark brown color upon addition of a
small quantity of iron (II) sulfate crystals.

(2) Solutions of nitrites, when 2 to 3 drops of potassium
iodide TS and dilute sulfuric acid are added dropwise, exhibit
a yellow-brown color, and then yield a black-purple
precipitate. When the mixture is shaken with 2 mL of chlo-
roform, the chloroform layer exhibits a purple color.

(3) Solutions of nitrites, when mixed with thiourea TS
and acidified with dilute sulfuric acid, and iron (III) chloride
TS is added dropwise, exhibit a dark red color. When the
mixture is shaken with 2 mL of diethyl ether, the diethyl ether
layer exhibits a red color.

Oxalate

(1) When potassium permanganate TS is added dropwise
to warm acidic solutions of oxalates in sulfuric acid, the rea-
gent is decolorized.

(2) Solutions of oxalates yield a white precipitate with
calcium chloride TS. The separated precipitate does not dis-
solve in dilute acetic acid but dissolves upon subsequent addi-
tion of dilute hydrochloric acid.

Permanganate

(1) Solutions of permanganates exhibit a red-purple
color.

(2) When an excess of hydrogen peroxide TS is added to
acidic solutions of permanganates in sulfuric acid, the solu-
tions effervesce and decolorize permanganates.

(3) Acidic solutions of permanganates in sulfuric acid are
decolorized, when an excess of oxalic acid TS is added and
heated.

Peroxide

(1) Solutions of peroxides are mixed with an equal
volume of ethyl acetate and 1 to 2 drops of potassium dichro-
mate TS, and then acidified with dilute sulfuric acid. When
the mixture is shaken immediately and allowed to stand, the
ethyl acetate layer exhibits a blue color.

(2) Acidic solutions of peroxides in sulfuric acid decolo-
rize dropwise added potassium permanganate TS, and effer-
vesce to evolve a gas.

Phosphate (Orthophosphate)

(1) Neutral solutions of phosphates yield with silver ni-
trate TS a yellow precipitate, which dissolves upon addition
of dilute nitric acid or ammonia TS.

(2) Neutral solutions or acidic solutions in dilute nitric
acid of phosphates yield a yellow precipitate with hexaammo-
nium heptamolybdate TS on warming. The precipitate dis-
solves upon subsequent addition of sodium hydroxide TS or
ammonia TS.

(3) Neutral or ammonia-alkaline solutions of phosphates
yield with magnesia TS a white, crystalline precipitate, which
dissolves upon subsequent addition of dilute hydrochloric
acid.

Potassium salt

(1) When the Flame Coloration Test (1) <I.04> is applied
to potassium salts, a pale purple color develops. When it
gives a yellow color, a red-purple color can be seen through
cobalt glass.

(2) Neutral solutions of potassium salts yield a white,
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crystalline precipitate with sodium hydrogen tartrate TS. The
formation of the precipitate is accelerated by rubbing the in-
side wall of the test tube with a glass rod. The separated
precipitate dissolves upon addition of any of ammonia TS,
sodium hydroxide TS or sodium carbonate TS.

(3) Acidic solutions of potassium salts in acetic acid (31)
yield a yellow precipitate with sodium hexanitrocobaltate
(I1I) TS.

(4) Potassium salts do not evolve the odor of ammonia,
when an excess of sodium hydroxide TS is added and warmed
(discrimination from ammonium salts).

Salicylate

(1) Salicylates evolve the odor of phenol, when an excess
of soda-lime is added and heated.

(2) Concentrated solutions of salicylates yield a white,
crystalline precipitate with dilute hydrochloric acid. The
separated precipitate, washed well with cold water and dried,
melts <2.60> at about 159°C.

(3) Neutral solutions of salicylates exhibit with 5 to 6
drops of dilute iron (III) chloride TS a red color, which
changes to purple and then fades when dilute hydrochloric
acid is added dropwise.

Silver salt

(1) Solutions of silver salts yield a white precipitate with
dilute hydrochloric acid. When dilute nitric acid is added sub-
sequently to a portion of the suspension, the precipitate does
not dissolve. When an excess of ammonia TS is added to
another portion, the precipitate dissolves.

(2) Solutions of silver salts yield with potassium chro-
mate TS a red precipitate, which dissolves upon addition of
dilute nitric acid.

(3) Solutions of silver salts yield a brownish gray
precipitate with ammonia TS added dropwise. When ammo-
nia TS is added dropwise until the precipitate dissolves, then
1 to 2 drops of formaldehyde solution are added and
warmed, a mirror of metallic silver is deposited on the inside
wall of the container.

Sodium salt

(1) When the Flame Coloration Test (1) </.04> is applied
to sodium salts, a yellow color develops.

(2) Concentrated, neutral or slightly alkaline solutions of
sodium salts yield a white, crystalline precipitate with potassi-
um hexahydroxoantimonate (V) TS. The formation of the
precipitate is accelerated by rubbing the inside wall of the test
tube with a glass rod.

Stannic salt

(1) When the outside bottom of a test tube containing
water is moistened with acidic solutions of stannic salts in
hydrochloric acid and is placed in a nonluminous flame of a
Bunsen burner, a blue flame mantle is seen around the bot-
tom of the test tube (common with stannous salts).

(2) When granular zinc is immersed in acidic solutions of
stannic salts in hydrochloric acid, a spongy, gray substance is
deposited on the surface of the granules (common with stan-
nous salts).

(3) Addiron powder to acidic solutions of stannic salts in
hydrochloric acid, allow to stand, and then filter. When io-
dine-starch TS is added dropwise to the filtrate, the color of
the test solution disappears.

(4) Acidic solutions of stannic salts in hydrochloric acid,
to which ammonia TS is added dropwise until a small quanti-
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ty of precipitate is produced, yield a pale yellow precipitate
with 2 to 3 drops of sodium sulfide TS. The separated
precipitate dissolves upon addition of sodium sulfide TS and
pale yellow precipitate is reproduced by subsequent addition
of hydrochloric acid.

Stannous salt

(1) When the outside bottom of a test tube containing
water is moistened with acidic solutions of stannous salts in
hydrochloric acid and is placed in a nonluminous flame of a
Bunsen burner, a blue flame mantle is seen around the bot-
tom of the test tube (common with stannic salts).

(2) When granular zinc is immersed in acidic solutions of
stannous salts in hydrochloric acid, a spongy, gray substance
is deposited on the surface of the granules (common with
stannic salts).

(3) When iodine-starch TS is added dropwise to solutions
of stannous salts, the color of the test solution disappears.

(4) Acidic solutions of stannous salts in hydrochloric
acid, to which ammonia TS is added dropwise until a small
quantity of precipitate is produced, yield a dark brown
precipitate with 2 to 3 drops of sodium sulfide TS. When so-
dium sulfide TS is added to a portion of the separated
precipitate, it does not dissolve. When ammonium polysul-
fide TS is added to another portion, the precipitate dissolves.

Sulfate

(1) Solutions of sulfates yield with barium chloride TS a
white precipitate, which does not dissolve upon addition of
dilute nitric acid.

(2) Neutral solutions of sulfates yield with lead (II)
acetate TS a white precipitate, which dissolves upon subse-
quent addition of ammonium acetate TS.

(3) When an equal volume of dilute hydrochloric acid is
added, solutions of sulfates yield no white turbidity (discrimi-
nation from thiosulfates), and do not evolve the odor of sul-
fur dioxide (discrimination from sulfites).

Sulfide

Most kinds of sulfides evolve the odor of hydrogen sulfide
with dilute hydrochloric acid. This gas blackens lead (II)
acetate paper moistened with water.

Sulfite and Bisulfite

(1) When iodine TS is added dropwise to acidic solutions
of sulfites or bisulfites in acetic acid (31), the color of the
reagent fades.

(2) When an equal volume of dilute hydrochloric acid is
added, solutions of sulfites or bisulfites evolve the odor of
sulfur dioxide but yield no turbidity (discrimination from
thiosulfates). The solutions yield immediately with 1 drop of
sodium sulfide TS a white turbidity, which changes gradually
to a pale yellow precipitate.

Tartrate

(1) Neutral tartrate solutions yield a white precipitate
with silver nitrate TS. When nitric acid is added to a portion
of the separated precipitate, it dissolves. When ammonia TS
is added to another portion and warmed, the precipitate dis-
solves and metallic silver is deposited gradually on the inside
wall of the test tube, forming a mirror.

(2) Solutions of tartrates exhibit a red-purple to purple
color, when 2 drops of acetic acid (31), 1 drop of iron (II) sul-
fate TS, 2 to 3 drops of hydrogen peroxide TS and an excess
of sodium hydroxide TS are added.
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(3) When a solution, prepared by mixing 2 to 3 drops of a
solution of resorcinol (1 in 50) and 2 to 3 drops of a solution
of potassium bromide (1 in 10) with 5 mL of sulfuric acid, is
added to 2 to 3 drops of solutions of tartrates, and then heat-
ed for 5 to 10 minutes on a water bath, a deep blue color is
produced. The solution exhibits a red to red-orange color
when poured to 3 mL of water after cooling.

Thiocyanate

(1) Solutions of thiocyanates yield a white precipitate
with an excess of silver nitrate TS. When dilute nitric acid is
added to a portion of the suspension, the precipitate does not
dissolve. When ammonia solution (28) is added to another
portion, the precipitate dissolves.

(2) Solutions of thiocyanates produce with iron (III)
chloride TS a red color, which is not decolored by addition of
hydrochloric acid.

Thiosulfate

(1) When iodine TS is added dropwise to acidic solutions
of thiosulfates in acetic acid (31), the color of the reagent
fades.

(2) When an equal volume of dilute hydrochloric acid is
added, solutions of thiosulfates evolve the odor of sulfur di-
oxide, and yield gradually a white turbidity, which changes to
yellow on standing.

(3) Solutions of thiosulfates yield with an excess of silver
nitrate TS a white precipitate, which changes to black on
standing.

Zinc salt

(1) Neutral to alkaline solutions of zinc salts yield a
whitish precipitate with ammonium sulfide TS or sodium sul-
fide TS. The separated precipitate does not dissolve in dilute
acetic acid but dissolves upon subsequent addition of dilute
hydrochloric acid.

(2) Solutions of zinc salts yield a white precipitate with
potassium hexacyanoferrate (II) TS. When dilute hydro-
chloric acid is added to a portion of the suspension, the
precipitate does not dissolve. When sodium hydroxide TS is
added to another portion, the precipitate dissolves.

(3) Neutral to weakly acidic solutions of zinc salts yield a
white precipitate, when 1 or 2 drops of pyridine and 1 mL of
potassium thiocyanate TS are added.

1.10 Iron Limit Test

Iron Limit Test is a limit test for iron contained in drugs.
The limit is expressed in term of iron (Fe).

In each monograph, the permissible limit for iron (as Fe) is
described in terms of ppm in parentheses.

Preparation of test solutions and control solutions

Unless otherwise specified, test solutions and control solu-
tions are prepared as follows:

(1) Method 1

Weigh the amount of sample specified in indivisual mono-
graph, add 30 mL of acetic acid-sodium acetate buffer solu-
tion for iron limit test, pH 4.5, dissolve by warming if neces-
sary, and designate this solution as the test solution.

Prepare the control solution as follows: To the amount of
Standard Iron Solution specified in individual monograph
add 30 mL of acetic acid-sodium acetate buffer solution for



JP XV

iron limit test, pH 4.5.

(2) Method 2

Weigh the amount of sample specified in individual mono-
graph, add 10 mL of dilute hydrochloric acid, and dissolve
by warming if necessary. Dissolve 0.5 g of L-tartaric acid,
and add one drop of phenolphthalein TS. Add ammonia TS
dropwise untill the solution develops a pale red color. Add 20
mL of acetic acid-sodium acetate buffer solution for iron
limit test, pH 4.5, and designate this solution as the test solu-
tion.

Prepare the control solution as follows: To the amount of
Standard Iron Solution specified in individual monograph
add 10 mL of dilute hydrochloric acid, and proceed as direct-
ed for the test solution.

(3) Method 3

Place the amount of sample specified in individual mono-
graph in a crucible, moisten with a small amount of sulfuric
acid, heat cautiously and gently at first, and then incinerate
by ignition. After cooling, add 1 mL of diluted hydrochloric
acid (2 in 3) and 0.5 mL of diluted nitric acid (1 in 3),
evaporate on a water bath to dryness, and to the residue add
0.5 mL of diluted hydrochloric acid (2 in 3) and 10 mL of
water. After dissolving by warming, add 30 mL of acetic
acid-sodium acetate buffer solution for iron limit test, pH
4.5, and designate this solution as the test solution.

Prepare the control solution as follows: Transfer the
amount of Standard Iron Solution specified in indivisual
monograph to a crucible, and add 1mL of diluted
hydrochloric acid (2 in 3) and 0.5 mL of diluted nitric acid (1
in 3), evaporate on a water bath to dryness, and proceed as
directed for the test solution.

In this procedure, use a quartz or porcelain crucible, which
is immersed in boiling dilute hydrochloric acid for 1 hour and
washed throughly with water and dried.

Procedure

Unless otherwise specified, proceed as follows:

(1) Method A

Transfer the test solution and the control solution to
separate Nessler tubes, to each add 2 mL of a solution of L-
ascorbic acid (1 in 100), mix well, and allow to stand for 30
minutes. Add 1 mL of a solution of «, «’-dipyridyl in ethanol
(95) (1 in 200), add water to make 50 mL, and allow to stand
for 30 minutes. Then compare the colors developed in both
solutions against a white background. The test solution has
no more color than the control solution.

(2) Method B

Dissolve 0.2 g of L-ascorbic acid in the test solution and the
control solution, and allow to stand for 30 minutes. Add 1
mL of a solution of «, «’-dipyridyl in ethanol (95) (1 in 200),
and allow to stand for 30 minutes. Then add 2 mL of a solu-
tion of 2,4,6-trinitrophenol (3 in 1000) and 20 mL of 1,2-
dichloroethane, shake vigorously, collect the 1,2-
dichloroethane layer, and filter through a pledget of absor-
bent cotton in a funnel on which 5 g of anhydrous sodium
sulfate is placed if necessary. Then compare the colors deve-
loped in both solutions against a white background. The test
solution has no more color than the control solution.

1.11 Arsenic Limit Test

Arsenic Limit Test is a limit test for arsenic contained in
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drugs. The limit is expressed in terms of arsenic (III) trioxide
(A5203).

In each monograph, the permissible limit for arsenic (as
As,03) is described in terms of ppm in parentheses.

Apparatus
Use the apparatus illustrated in Fig. 1.11-1.

Place glass wool F in the exit tube B up to about 30 mm in
height, moisten the glass wool uniformly with a mixture of an
equal volume of lead (II) acetate TS and water, and apply
gentle suction to the lower end to remove the excess of the
mixture. Insert the tube vertically into the center of the rub-
ber stopper H, and attach the tube to the generator bottle A
so that the small perforation E in the lower end of B extends
slightly below. At the upper end of B, attach the rubber stop-
per J to hold the tube C vertically. Make the lower end to the
exit tube of C level with that of the rubber stopper J.

Preparation of the test solution

Unless otherwise specified, proceed as directed in the
following.

(1) Method 1

Weigh the amount of the sample directed in the mono-
graph, add 5 mL of water, dissolve by heating if necessary,
and designate the solution as the test solution.

(2) Method 2

Weigh the amount of the sample directed in the mono-
graph, add 5 mL of water, and add 1 mL of sulfuric acid
except in the cases that the samples are inorganic acids. Add
10 mL of sulfurous acid solution, transfer to a small beaker,
and evaporate the mixture on a water bath until it is free from
sulfurous acid and is reduced to about 2 mL in volume.
Dilute with water to make 5 mL, and designate it as the test
solution.

(3) Method 3

Weigh the amount of the sample directed in the mono-
graph, and place it in a crucible of platinum, quartz or
porcelain. Add 10 mL of a solution of magnesium nitrate
hexahydrate in ethanol (95) (1 in 50), ignite the ethanol, and
heat gradually to incinerate. If carbonized material still
remains by this procedure, moisten with a small quantity of
nitric acid, and ignite again to incinerate. After cooling, add
3 mL of hydrochloric acid, heat on a water bath to dissolve
the residue, and designate it as the test solution.

(4) Method 4

Weigh the amount of the sample directed in the mono-
graph, and place it in a crucible of platinum, quartz or por-
celain. Add 10 mL of a solution of magnesium nitrate
hexahydrate in ethanol (95) (1 in 10), burn the ethanol, heat
gradually, and ignite to incinerate. If carbonized material still
remains by this procedure, moisten with a small quantity of
nitric acid, and ignite again to incinerate in the same manner.
After cooling, add 3 mL of hydrochloric acid, heat on a
water bath to dissolve the residue, and designate it as the test
solution.

(5) Method 5

Weigh the amount of the sample directed in the mono-
graph, add 10 mL of N,N-dimethylformamide, dissolve by
heating if necessary, and designate the solution as the test
solution.

Test solutions
Absorbing solution for hydrogen arsenide: Dissolve 0.50 g
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A: Generator bottle (capacity up to the shoulder: approxi-
mately 70 mL}

B: Exit tube

C: Glass tube (inside diameter: 5.6 mm, the tip of the part
to be inserted in the absorber tube D is drawn out to 1
mm in diameter)

D: Absorber tube (inside diameter: 10 mm)

E: Small perforation

F: Glass wool (about 0.2 g)

G: Mark of 5 mL

H and J: Rubber stoppers

L: Mark of 40 mL

Fig. 1.11-1 Arsenic limit test apparatus
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of silver N,N-diethyldithiocarbamate in pyridine to make 100
mL. Preserve this solution in a glass-stoppered bottle protect-
ed from light, in a cold place.

Standard Arsenic Stock Solution: Weigh accurately 0.100
g of finely powdered arsenic (III) trioxide dried at 105°C for 4
hours, and add 5 mL of sodium hydroxide solution (1 in 5) to
dissolve. Add dilute sulfuric acid to neutralize, add further 10
mL of dilute sulfuric acid, and add freshly boiled and cooled
water to make exactly 1000 mL.

Standard Arsenic Solution: Pipet 10 mL of Standard
Arsenic Stock Solution, add 10 mL of dilute sulfuric acid,
and add freshly boiled and cooled water to make exactly 1000
mL. Each mL of the solution contains 1 ug of arsenic (III)
trioxide (As,0;). Prepare Standard Arsenic Solution just
before use and preserve in a glass-stoppered bottle.

Procedure

Unless otherwise specified, proceed using apparatus shown
in Fig. 1.11-1. Carry out the preparation of the standard
color at the same time.

Place the test solution in the generator bottle A and, if
necessary, wash down the solution in the bottle with a small
quantity of water. Add 1 drop of methyl orange TS, and after
neutralizing with ammonia TS, ammonia solution (28) or
dilute hydrochloric acid, add 5 mL of diluted hydrochloric
acid (1 in 2) and 5 mL of potassium iodide TS, and allow to
stand for 2 to 3 minutes. Add 5 mL of acidic tin (II) chloride
TS, and allow to stand for 10 minutes. Then add water to
make 40 mL, add 2 g of zinc for arsenic analysis, and im-
mediately connect the rubber stopper H fitted with B and C
with the generator bottle A. Transfer 5 mL of the absorbing
solution for hydrogen arsenide to the absorber tube D, insert
the tip of C to the bottom of the absorber tube D, then
immerse the generator bottle A up to the shoulder in water
maintained at 25°C, and allow to stand for 1 hour. Discon-
nect the absorber tube, add pyridine to make 5 mL, if neces-
sary, and observe the color of the absorbing solution: the
color produced is not more intense than the standard color.

Preparation of standard color: Measure accurately 2 mL
of Standard Arsenic Solution in the generator bottle A. Add
5mL of diluted hydrochloric acid (1 in 2) and 5mL of
potassium iodide TS, and allow to stand for 2 to 3 minutes.
Add 5 mL of acidic tin (II) chloride TS, allow to stand at
room temperature for 10 minutes, and then proceed as direct-
ed above. The color produced corresponds to 2 ug of arsenic
(III) trioxide (As,03) and is used as the standard.

Note: Apparatus, reagents and test solutions used in the
test should contain little or no arsenic. If necessary, perform
a blank determination.

1.12 Methanol Test

Methanol Test is a method to determine methanol adhering
in ethanol.

Reagents
(1) Standard Methanol Solution—To 1.0 g of methanol,
accurately measured, add water to make exactly 1000 mL. To
5mL of this solution, exactly measured, add 2.5 mL of
methanol-free ethanol and water to make exactly 50 mL.
(2) Solution A—To 75 mL of phosphoric acid add water
to make 500 mL, then dissove 15 g of potassium perman-
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ganate in this solution.

(3) Solution B—Add sulfuric acid carefully to an equal
volume of water, cool, and dissolve 25 g of oxalic acid dihy-
drate in 500 mL of this dilute sulfuric acid.

Procedure

Pipet 1 mL of the sample, and add water to make exactly
20 mL. Use this solution as the sample solution. Transfer 5
mL each of the sample solution and the Standard Methanol
Solution, accurately measured, to test tubes, add 2 mL of So-
lution A to each solution, and allow to stand for 15 minutes.
Decolorize these solutions by adding 2 mL of Solution B, and
mix with 5 mL of fuchsin-sulfurous acid TS. Allow to stand
for 30 minutes at ordinary temperature. The sample solution
has no more color than the Standard Methanol Solution.

1.13 Fats and Fatty Oils Test

Fats and Fatty Oils Test is a method applied to fats, fatty
oils, waxes, fatty acids, higher alcohols, and related sub-
stances.

Preparation of test sample

For a solid sample, melt with care, and, if necessary, filter
the melted sample with a dry filter paper by warming. For a
turbid liquid sample, heat at about 50°C. If it is still turbid,
filter it with a dry filter paper while warm. In either case, mix
the sample to make it homogeneous.

Melting point
Proceed by the method described in Method 2 of Melting
Point Determination <2.60>.

Congealing point of fatty acids

(1) Preparation of fatty acids—Dissolve 25 g of potassi-
um hydroxide in 100 g of glycerin. Transfer 75 g of this solu-
tion into a 1-L beaker, and heat at 150°C. Add 50 g of the
sample to this solution, and heat at a temperature not higher
than 150°C for 15 minutes under frequent stirring to saponi-
fy completely. Cool the solution to 100°C, dissolve by addi-
tion of 500 mL of hot water, and add slowly 50 mL of diluted
sulfuric acid (1 in 4). Heat the solution under frequent stir-
ring until the clear layer of fatty acid is separated distinctly.
Separate the fatty acid layer, and wash the fatty acid with hot
water until the washing shows no acidity to methyl orange
TS. Transfer the fatty acid layer to a small beaker, and heat
on a water bath until the fatty acid becomes clear owing to
the separation of water. Filter the warm solution, and com-
plete the evaporation of water by carefully heating the filtered
solution to 130°C.

(2) Measurement of congealing point—Proceed by the
method described in Congealing Point Determination <2.42>.

Specific gravity

(1) Liquid sample at ordinary temperature

Proceed by the method described in Determination of
Specific Gravity and Density <2.56>.

(2) Solid sample at ordinary temperature

Unless otherwise specified, fill a pycnometer with water at
20°C. Weigh accurately the pycnometer, and, after discard-
ing the water and drying, weigh accurately the empty py-
cnometer. Then, fill the pycnometer with the melted sample
to about three-fourths of the depth, and allow to stand at a
temperature a little higher than the melting temperature of
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Table 1.13-1
Acid value Amount (g) of sample
Less than 5 20
5to 15 10
15 to 30 5
30 to 100 2.5
More than 100 1.0

the sample for 1 hour to drive off the air in the sample. After
keeping at the specified temperature, weigh accurately the py-
cnometer. Fill up the pycnometer with water over the sample
at 20°C, and weigh accurately again.

The other procedure is the same as described in Method 1
of Determination of Specific Gravity and Density <2.56>.

WI_W

=W =Wy = (W= W)

W . Mass (g) of the empty pycnometer.

W,: Mass (g) of the pycnometer filled with the sample.

W,: Mass (g) of the pycnometer filled with water.

W3: Mass (g) of the pycnometer filled with the sample and
water.

Acid value

The acid value is the number of milligrams of potassium
hydroxide (KOH) required to neutralize the free acidsin 1 g
of sample.

Procedure: Unless otherwise specified, weigh accurately
the amount of sample shown in Table 1.13-1, according to
the expected acid value of the sample, in a glass-stoppered,
250-mL flask, add 100 mL of a mixture of diethyl ether and
ethanol (95) (1:1 or 2:1) as the solvent, and dissolve the sam-
ple by warming, if necessary. Then, add a few drops of
phenolphthalein TS, and titrate <2.50> with 0.1 mol/L potas-
sium hydroxide-ethanol VS until the solution develops a light
red color which persists for 30 seconds. If the sample solu-
tions is turbid at lower temperature, titration should be done
while warm. To the solvent used add phenolphthalein TS as
an indicator, and add 0.1 mol/L potassium hydroxide-
ethanol VS before use, until the solvent remains light red for
30 seconds.

consumed volume (mL) of 0.1 mol/L
potassium hydroxide-ethanol VS

amount (g) of sample

X5.611

Acid value=

Saponification value

The saponification value is the number of milligrams of
potassium hydroxide (KOH) required to saponify the esters
and to neutralize the free acids in 1 g of the sample.

Procedure: Unless otherwise specified, weigh accurately 1
to 2 g of the sample, transfer to a 200-mL flask, and add ex-
actly 25 mL of 0.5 mol/L potassium hydroxide-ethanol VS.
Attach a short reflux condenser or an air condenser 750 mm
in length and 6 mm in diameter to the neck of the flask, and
heat gently in a water bath for 1 hour with frequent shaking.
Cool the solution, add 1 mL of phenolphthalein TS, and ti-
trate <2.50> immediately the excess potassium hydroxide with
0.5 mol/L hydrochloric aicd VS. If the sample solution is tur-
bid at lower temperature, titration should be done while
warm. Perform a blank determination.



32 Fats and Fatty Oils Test / General Tests

(@ —b)*x28.05
amount (g) of sample

Saponification value =

a: Volume (mL) of 0.5 mol/L hydrochloric acid VS con-
sumed in the blank determination.

b: Volume (mL) of 0.5 mol/L hydrochloric acid VS con-
sumed for titration of the sample.

Ester value

The ester value is the number of milligrams of potassium
hydroxide (KOH) required to saponify the esters in 1 g of
sample.

Procedure: Unless otherwise specified, designate the differ-
ence between the saponification value and the acid value de-
termined as the ester value.

Hydroxyl value

The hydroxyl value is the number of milligrams of potassi-
um hydroxide (KOH) required to neutralize acetic acid com-
bined with hydroxyl groups, when 1g of the sample is
acetylated by the following procedure.

Procedure: Place about 1g of the sample, weighed ac-
curately, in a 200-mL round-bottom flask (shown in Fig.
1.13-1), and add exactly 5 mL of pyridine-acetic anhydride
TS. Place a small funnel on the neck of the flask, and heat by
immersing the flask up to 1 cm from the bottom in an oil bath
between 95°C and 100°C. Put a thick, round paper with a
round hole on the joint of the neck of the flask to protect the
neck from the heat of the oil bath. After heating for 1 hour,
take the flask from the oil bath, and cool by standing. Add 1
mL of water to the flask, and shake to decompose acetic an-
hydride. Heat the flask in the oil bath for 10 minutes again.
After cooling, wash the funnel and neck with 5 mL of neu-
tralized ethanol down into the flask, and titrate <2.50> with
0.5 mol/L potassium hydroxide-ethanol VS (indicator: 1 mL
of phenolphthalein TS). Perform a blank determination.

(a—b)x28.05
amount (g) of sample

Hydroxyl value= +acid value

a: Volume (mL) of 0.5mol/L potassium hydroxide-
ethanol VS consumed in the blank determination.

b: Volume (mL) of 0.5mol/L potassium hydroxide-
ethanol VS consumed for titration of the sample.

about 77
{OD)

The figures are in mm.

Fig. 1.13-1 Hydroxyl value determination flask
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Unsaponifiable matter

Unsaponifiable matter is calculated as the difference be-
tween the amount of materials, which are unsaponifiable by
the procedure described below, soluble in diethyl ether and
insoluble in water, and the amount of fatty acids expressed in
terms of the amount of oleic acid. Its limit is expressed as a
percentage in the monograph.

Procedure: Transfer about 5 g of the sample, accurately
weighed, to a 250-mL flask. Add 50 mL of potassium
hydroxide-ethanol TS, attach a reflux condenser to the flask,
boil gently on a water bath for 1 hour with frequent shaking,
and then transfer to the first separator. Wash the flask with
100 mL of warm water, and transfer the washing to the sepa-
rator. Further, add 50 mL of water to the separator, and cool
to room temperature. Wash the flask with 100 mL of diethyl
ether, add the washing to the separator, extract by vigorous
shaking for 1 minute, and allow to stand until both layers are
separated clearly. Transfer the water layer to the second sepa-
rator, add 50 mL of diethyl ether, shake, and allow to stand
in the same manner. Transfer the water layer in the second
separator to the third separator, add 50 mL of diethyl ether,
and extract by shaking again in the same manner. Combine
the diethyl ether extracts in the second and third separators
into the first separator, wash each separator with a small
amount of diethyl ether, and combine the washings into the
first separator. Wash the combined extracts in the first sepa-
rator with 30 mL portions of water successively, until the
washing does not develop a light red color with 2 drops of
phenolpohthalein TS. Add a small amount of anhydrous so-
dium sulfate to the diethyl ether extracts, and allow to stand
for 1hour. Filter the diethyl ether extracts with dry filter
paper, and collect the filtrates into a tared flask. Wash well
the first separator with diethyl ether, and add the washing to
the flask through the above filter paper. After evaporation of
the filtrate and washing almost to dryness on a water bath,
add 3 mL of acetone, and evaporate again to dryness on a
water bath. Complete the drying between 70°C and 80°C un-
der reduced pressure (about 2.67 kPa) for 30 minutes, allow
to stand for cooling in a desiccator (reduced pressure, silica
gel) for 30 minutes, and then weigh. After weighing, add 2
mL of diethyl ether and 10 mL of neutralized ethanol, and
dissolve the residue by shaking well. Add a few drops of
phenolphthalein TS, and titrate <2.50> the remaining fatty
acids in the residue with 0.1 mol/L potassium hydroxide-
ethanol VS until the solution develops a light red color which
persists for 30 seconds.

a—(bx0.0282)
amount (g) of sample

Unsaponifiable matter (%)= x 100

a: Amount (g) of the extracts.

b: Volume (mL) of 0.1 mol/L potassium hydroxide-
ethanol VS consumed for titration.

Iodine value

The iodine value, when measured under the following con-
ditions, is the number of grams of iodine (I), representing the
corresponding amount of halogen, which combines with 100
g of sample.

Procedure: Unless otherwise specified, weigh accurately
the amount of sample shown in Table 1.13-2, according to
the expected iodine value of the sample, in a small glass con-
tainer. In a 500-mL glass-stoppered flask place the container
containing the sample, add 20 mL of cyclohexane to dissolve
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the sample, then add exactly 25 mL of Wijs’ TS, and mix
well. Stopper the flask, and allow to stand, protecting against
light, between 20°C and 30°C for 30 minutes (when the
expected iodine value is more than 100, for 1 hour) with oc-
casional shaking. Add 20 mL of potassium iodide solution
(1in 10) and 100 mL of water, and shake. Then, titrate <2.50>
the liberated iodine with 0.1 mol/L sodium thiosulfate VS
(indicator: 1 mL of starch TS). Perform a blank determina-
tion.

(a—b)*x1.269
amount (g) of sample

Iodine value =

a: Volume (mL) of 0.1 mol/L sodium thiosulfate VS con-
sumed in the blank determination.

b: Volume (mL) of 0.1 mol/L sodium thiosulfate VS con-
sumed for titration of the sample.

Table 1.13-2

Todine value Amount (g) of sample

Less than 30 1.0
30 to 50 0.6
50 to 100 0.3
More than 100 0.2

1.14 Sulfate Limit Test

Sulfate Limit Test is a limit test for sulfate contained in
drugs.

In each monograph, the permissible limit for sulfate (as
SO,) is described in terms of percentage (%) in parentheses.

Procedure

Unless otherwise specified, transfer the quantity of the
sample, directed in the monograph, to a Nessler tube, dis-
solve it in sufficient water, and add water to make 40 mL.
Add 1 mL of dilute hydrochloric acid and water to make 50
mL, and use this solution as the test solution. Transfer the
volume of 0.005 mol/L sulfuric acid VS, directed in the
monograph, to another Nessler tube, add 1 mL of dilute
hydrochloric acid and water to make 50 mL, and use this so-
lution as the control solution. When the test solution is not
clear, filter both solutions according to the same procedure.

Add 2 mL of barium chloride TS to the test solution and to
the control solution, mix well, and allow to stand for 10
minutes. Compare the white turbidity produced in both solu-
tions against a black background by viewing downward or
transversely.

The turbidity produced in the test solution is not thicker
than that of the control solution.

1.15 Readily Carbonizable
Substances Test

Readily Carbonizable Substances Test is a method to exa-
mine the minute impurities contained in drugs, which are rea-
dily colored by addition of sulfuric acid.

Procedure
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Before use, wash the Nessler tubes thoroughly with sulfuric
acid for readily carbonizable substances. Unless otherwise
specified, proceed as follows. When the sample is solid, place
5 mL of sulfuric acid for readily carbonizable substances in a
Nessler tube, to which add a quantity of the finely powdered
sample, little by little, as directed in the monograph, and dis-
solve it completely by stirring with a glass rod. When the
sample is liquid, transfer a volume of the sample, as directed
in the monograph, to a Nessler tube, add 5 mL of sulfuric
acid for readily carbonizable substances, and mix by shaking.
If the temperature of the content of the tube rises, cool the
content; maintain it at the standard temperature, if the reac-
tion may be affected by the temperature. Allow to stand for
15 minutes, and compare the color of the liquid with that of
the matching fluid in the Nessler tube specified in the mono-
graph, by viewing transversely against a white background.

2. Physical Methods

Chromatography
2.01 Liquid Chromatography

Liquid Chromatography is a method to develop a mixture
injected into a column prepared with a suitable stationary
phase by passing a liquid as a mobile phase through the
column, in order to separate the mixture into its components
by making use of the difference of retention capacity against
the stationary phase, and to determine the components. This
method can be applied to a liquid or soluble sample, and is
used for identification, purity test, and quantitative determi-
nation.

A mixture injected into the column is distributed between
the mobile phase and the stationary phase with a characteris-
tic ratio (k) for each component.

_ amount of compound in the stationary phase
amount of compound in the mobile phase

The ratio k represents the mass distribution ratio (or the
capacity factor) k’ in liquid chromatography.

Since the relation given below exists among the ratio (k),
the time for which the mobile phase is passed through the
column (7y: time measured from the time of injection of a
compound with £ =0 to the time of elution at the peak maxi-
mum), and the retention time (f#x: time measured from the
time of injection of a compound to be determined to the time
of elution at the peak maximum), the retention time for a
compound on a column has a characteristic value under fixed
chromatographic conditions.

tR=(1+k) to

Apparatus

Basically, the apparatus required for the liquid chromato-
graphic procedure consists of a pumping system for the
mobile phase, a sample injection port, a column, a detector
and a recorder. A mobile phase component regulator, a ther-
mostat for the column, a pumping system for reaction rea-
gents and a chemical reaction chamber are also used, if neces-
sary. The pumping system serves to deliver the mobile phase
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and the reagents into the column and connecting tube at a
constant flow rate. The sample injection port is used to
deliver a quantity of the sample to the apparatus with high
reproducibility. The column is a tube with a smooth interior,
made of inert metal, etc., in which a packing material for
liquid chromatography is uniformly packed. A column with a
stationary phase chemically bound on the inside wall instead
of the column packed with the packing material may be used.
The detector is used to detect a property of the samples which
is different from that of the mobile phase, and may be an
ultraviolet or visible spectrophotometer, fluorometric detec-
tor, differential refractometer, electrochemical detector,
chemiluminescence detector, electric conductivity detector,
mass spectrophotometer, etc. The output signal is usually
proportional to the concentration of samples at amounts of
less than a few ug. The recorder is used to record the output
signals of the detector. As required, a data processor may be
used as the recorder to record or output the chromatogram,
retention times or amounts of the components. The mobile
phase component regulator is used to vary the ratio of the
mobile phase components in a stepwise or gradient fashion.

Procedure

Fix the detector, column and mobile phase to the appara-
tus, and adjust the flow rate and the column temperature to
the values described in the operating conditions specified in
the individual monograph. Inject a volume of the sample so-
lution or the standard solution specified in the individual
monograph with the sample injector into the column through
the sample injection port. The separated components are de-
tected by the detector, and recorded by the recorder as a
chromatogram. If the components to be analyzed have no
readily detectable physical properties such as absorbance or
fluorescence, the detection is achieved by changing the com-
ponents to suitable derivatives. Usually, the derivatization is
performed as a pre- or post-column labeling.

Identification and purity test

Identification of a component of a sample is performed by
confirming agreement of the retention time of the sample
with that of an authentic specimen, or by confirming that the
peak shape of the sample is unchanged after mixing the sam-
ple with an authentic specimen.

In general, the purity of the sample is determined by com-
paring the sample solution with a standard solution which is
prepared by diluting the sample solution to a concentration
corresponding to the specified limit amount of the impurity,
or by the peak area percentage method. Unless otherwise spe-
cified, if a sample is separated into isomers in the chromato-
gram, the isomer ratio is calculated by using the peak area
percentage method.

The peak area percentage method is a method to calculate
the proportion of the components from the ratio of the peak
area of each component to the sum of the peak areas of every
peak recorded in the chromatogram. In order to obtain ac-
curate results in evaluating the proportion of the compo-
nents, it is necessary to correct the area of each component
based on the relative sensitivity to the principal component.

Assay

(1) Internal standard method—In the internal standard
method, choose a stable compound as an internal standard
which shows a retention time close to that of the compound
to be assayed, and whose peak is well separated from all
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other peaks in the chromatogram. Prepare several kinds of
standard solutions containing a fixed amount of the internal
standard and several graded amounts of the authentic speci-
men specified in the individual monograph. Based on the
chromatogram obtained by injection of a fixed volume of in-
dividual standard solutions, calculate the ratio of peak area
or peak height of the authentic specimen to that of the inter-
nal standard, and prepare a calibration curve by plotting
these ratios on the ordinate against the amount of the authen-
tic specimen or the ratio of the amount of the authentic speci-
men to that of the internal standard on the abscissa. The
calibration curve is usually obtained as a straight line passing
through the origin. Then, prepare a sample solution contain-
ing the internal standard in the same amount as in the stan-
dard solutions used for the preparation of the calibration
curve according to the method specified in the individual
monograph, perform the liquid chromatography under the
same operating conditions as for the preparation of the
calibration curve, calculate the ratio of the peak area or peak
height of the objective compound to that of the internal stan-
dard, and read the amount of the compound from the
calibration curve.

In an individual monograph, generally one of the standard
solutions with a concentration within the linear range of the
calibration curve and a sample solution with a concentration
close to that of the standard solution are prepared, and the
chromatography is performed with these solutions under fix-
ed conditions to determine the amount of the objective com-
pound. Generally, the relative standard deviation (variation
coefficient) is calculated to confirm the reproducibility of the
ratios of the peak area or peak height of the objective com-
pound to those of the internal standard, which are obtained
by repeating the injection of a fixed volume of the standard
solution.

(2) Absolute calibration curve method—Prepare stan-
dard solutions with several graded amounts of the authentic
specimen, and inject accurately a fixed volume of these stan-
dard solutions. With the chromatogram obtained, prepare a
calibration curve by plotting the peak areas or peak heights
on the ordinate against the amount of the authentic specimen
on the abscissa. The calibration curve is generally obtained as
a straight line passing through the origin. Then, prepare a
sample solution according to the method specified in the in-
dividual monograph, perform the liquid chromatography un-
der the same conditions as for the preparation of the calibra-
tion curve, measure the peak area or peak height of the objec-
tive compound, and read the amount of the compound from
the calibration curve.

In an individual monograph, generally one of the standard
solutions with a concentration within the linear range of the
calibration curve and a sample solution with a concentration
close to that of the standard solution are prepared, and the
chromatography is performed with these solutions under a
fixed condition to obtain the amount of the component. In
this method, all procedures, such as the injection procedure,
must be carried out under a strictly constant condition.
Generally, the relative standard deviation (variation
coefficient) is calculated to confirm the reproducibility of the
peak areas of peak heights of the objective compound which
are obtained by repeating the injection of a fixed volume of
the standard solution.
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Method for peak measuring

Generally, the following methods are used.

(1) Peak height measuring method

(i) Peak height method: Measure the distance between
the maximum of the peak and the intersecting point of a per-
pendicular line from the maximum of the peak to the
horizontal axis of recording paper with a tangent linking the
baselines on both sides of the peak.

(i) Automatic peak height method: Measure the signals
from the detector as the peak height using a data processing
system.

(2) Peak area measuring method

(i) Width at half-height method: Multiply the peak width
at the half-height by the peak height.

(ii) Automatic integration method: Measure the signals
from the detector as the peak area using a data processing
system.

Terminology

Reproducibility of test: Reproducibility of test is used as
a method to ensure that the results obtained by a given proce-
dure truly meet the requirements of the test described in the
individual monograph. It is given as the relative standard
deviation (Sg(%)).

Symmetry factor: Symmetry factor shows the degree of
symmetry of a peak in the chromatogram, and is defined as S
in the following equation.

_ Woosn
S of
Wo.osn: Width of the peak at one-twentieth of the peak

height,

f: Distance between the perpendicular from the peak maxi-
mum and the leading edge of the peak at one-twentieth
of the peak height,

where W o5, and f have the same unit.
Relative standard deviation: Generally, it is given as Sy
(%) defined by the following equation.

1
Se (%)= 1% %

x;: Measured value
X: Mean of measured values
n: Number of repeated measurements

Complete separation of peak: Complete separation of
the peak means that the resolution between two peaks is not
less than 1.5.

Separation factor: Separation factor shows the relation
between the retention times of peaks in the chromatogram,
and is defined as « in the following equation.

fRo— 1t

T it
fr1, Ir2: Retention times of two compounds used for the
resolution measurement (fg; < fg).
to: Time of passage of the mobile phase through the
column (time measured from the time of injection of a
compound with k=0 to the time of elution at the peak
maximum).
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The separation factor («) is a characteristic of the ther-
modynamic difference in partition of two compounds. It is
basically the ratio of their partition equilibrium coefficients
or of their mass-distribution ratios, and is obtained from the
chromatogram as the ratio of the retention times of the two
compounds.

Resolution: Resolution shows the relation between the
retention time and the peak width of peaks in the chromato-
gram, and is defined as Rgs in the following equation.

IRy — IRy

R=1.18X —————>——
S Wosni T Wosn)

tr1, lro: Retention times of two compounds used for meas-
urement of the resolution (fx; < fry),
Wosni, Wosn: Peak widths at half peak height,

where fgry, fra, Wosni and Wy sy, have the same unit.
Number of theoretical plates: Number of theoretical
plates is generally defined in terms of the following equation
to indicate the extent of the band broadening of a compound
in the column.
tR2
N=554x ——
Wo.sn2
tr: Retention time of compound,
Wysn: Width of the peak at half peak height,

where fz and W, s, have the same unit.

Note: Avoid the use of authentic specimens, internal stan-
dards, reagents or solvents containing substances that may
interfere with the determination.

Among the operating conditions specified in the individual
monograph, inside diameter and length of the column, parti-
cle size of the column packing material, column temperature,
composition ratio of the mobile phase, composition of buffer
solutions in the mobile phase, pH of the mobile phase, con-
centration of ion pair-forming agents in the mobile phase,
ionic strength of the mobile phase, numbers of condition
changes, timing of such changes, gradient program, composi-
tion and flow rate of derivative-producing reagents, reaction
time and temperature of reaction chamber and flow rate of
mobile phase may be modified within limits which allow the
required elution order, resolution, symmetry factor, and rela-
tive standard deviation to be obtained.

2.02 Gas Chromatography

Gas Chromatography is a method to develop a mixture in-
jected into a column prepared with a suitable stationary
phase by passing a gas (carrier gas) as a mobile phase through
the column, in order to separate the mixture into its compo-
nents by making use of the difference of retention capacity
against the stationary phase, and to determine the compo-
nents. This method can be applied to a gaseous or vaporiza-
ble sample, and is used for identification, purity test, and
quantitative determination.

A mixture injected into the column is distributed between
the mobile phase and the stationary phase with a characteris-
tic ratio (k) for each component.

amount of compound in the stationary phase

k= amount of compound in the mobile phase
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Since the relation given below exists among the ratio (k),
the time for which the mobile phase is passed through the
column (f,: time measured from the time of injection of a
compound with £=0 to the time of elution at the peak maxi-
mum), and the retention time (fz: time measured from the
time of injection of a compound to be determined to the time
of elution at the peak maximum), the retention time for a
compound on a column has a characteristic value under fixed
chromatographic conditions.

tR=(1+k) to

Apparatus

Basically, the apparatus required for the gas chromato-
graphic procedure consists of a carrier gas-introducing port
and flow regulator, a sample injection port, a column, a
column oven, a detector and a recorder. Gas introducing port
and flow regulator for a combustion gas, a burning support-
ing gas and an accessory gas and sample injection port for
headspace are also used, if necessary. The carrier gas-in-
troducing port and flow regulator serves to deliver the carrier
gas into the column at a constant flow rate, and usually con-
sist of a pressure regulation valve, a flow rate regulation valve
and a pressure gauge. The sample injection port is used to
deliver a quantity of the sample to the flow line of carrier gas
with high reproducibility. There are sample injection ports
for packed column and for capillary column. There are both
divided injection mode and non-divided injection mode to
sample injection port for capillary column. The columns are
usually classified as packed column or capillary column. The
packed column is a tube made of inert metal, glass or synthet-
ic resin, in which a packing material for gas chromatography
is uniformly packed. The packed column with not more than
1 mm in inside diameter is also called a packed capillary
column (micro packed column). A capillary column is a tube
made of inert metal, glass, quartz or synthetic resin, whose
inside wall is bound chemically with stationary phase for gas
chromatography. The column oven has the setting capacity
for a column with required length and the temperature regu-
lation system for keeping the constant column temperature.
The detector is used to detect a component separated on the
column, and may be an alkaline thermal ionization detector,
a flame photometry detector, mass spectrophotometer,
hydrogen flame-ionization detector, an electron capture de-
tector, a thermal conductivity detector, etc. The recorder is
used to record the output signals of the detector.

Procedure

Unless otherwise specified, proceed by the following
method. Fix the detector, column and carrier gas to the ap-
paratus, and adjust the flow rate and the column temperature
to the values described in the operating conditions specified in
the individual monograph. Inject a volume of the sample so-
lution or the standard solution specified in the individual
monograph with the sample injector into the column system
through the sample injection port. The separated compo-
nents are detected by the detector, and recorded by the
recorder as a chromatogram.

Identification and purity test

Identification of a component of a sample is performed by
confirming agreement of the retention time of the sample
with that of an authentic specimen, or by confirming that the
peak shape of the sample is unchanged after mixing the sam-
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ple with an authentic specimen.

In general, the purity of the sample is determined by com-
paring the sample solution with a standard solution which is
prepared by diluting the sample solution to a concentration
corresponding to the specified limit amount of the impurity,
or by the peak area percentage method. Unless otherwise spe-
cified, if a sample is separated into isomers in the chromato-
gram, the isomer ratio is calculated by using the peak area
percentage method.

The peak area percentage method is a method to calculate
the proportion of the components from the ratio of the peak
area of each component to the sum of the peak areas of every
peak recorded in the chromatogram. In order to obtain ac-
curate results in evaluating the proportion of the compo-
nents, it is necessary to correct the area of each component
based on its relative sensitivity to the principal component.

Assay

In general, perform the assay by using the internal stan-
dard method. The absolute calibration curve method is used
when a suitable internal standard is not available. Perform
the assay by using the standard addition method when the
effect of the component other than the compound to be
assayed on the quantitative determination is not negligible
against a result of the determination.

(1) Internal standard method—In the internal standard
method, choose a stable compound as an internal standard
which shows a retention time close to that of the compound
to be assayed, and whose peak is well separated from all
other peaks in the chromatogram. Prepare several kinds of
standard solutions containing a fixed amount of the internal
standard and several graded amounts of the authentic speci-
men specified in the individual monograph. Based on the
chromatogram obtained by injection of a fixed volume of
individual standard solutions, calculate the ratio of peak area
or peak height of the authentic specimen to that of the inter-
nal standard, and prepare a calibration curve by plotting
these ratios on the ordinate against the amount of the authen-
tic specimen or the ratio of the amount of the authentic speci-
men to that of the internal standard on the abscissa. The
calibration curve is usually obtained as a straight line passing
through the origin. Then, prepare a sample solution contain-
ing the internal standard in the same amount as in the stan-
dard solutions used for the preparation of the calibration
curve according to the method specified in the individual
monograph, perform the gas chromatography under the
same operating conditions as for the preparation of the
calibration curve, calculate the ratio of the peak area or peak
height of the objective compound to that of the internal stan-
dard, and read the amount of the compound from the
calibration curve.

In an individual monograph, generally one of the standard
solutions with a concentration within the linear range of the
calibration curve and a sample solution with a concentration
close to that of the standard solution are prepared, and the
chromatography is performed with these solutions under fix-
ed conditions to determine the amount of the objective com-
pound. Generally, the relative standard deviation (variation
coefficient) is calculated to confirm the reproducibility of the
ratios of the peak area or peak height of the objective com-
pound to those of the internal standard, which are obtained
by repeating the injection of a fixed volume of the standard
solution.
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(2) Absolute calibration curve method—Prepare stan-
dard solutions with several graded amounts of the authentic
specimen, and inject accurately a fixed volume of these stan-
dard solutions. With the chromatogram obtained, prepare a
calibration curve by plotting the peak areas or peak heights
on the ordinate against the amount of the authentic specimen
on the abscissa. The calibration curve is generally obtained as
a straight line passing through the origin. Then, prepare a
sample solution according to the method specified in the
individual monograph, perform the liquid chromatography
under the same conditions as for the preparation of the
calibration curve, measure the peak area or peak height of
the objective compound, and read the amount of the com-
pound from the calibration curve.

In an individual monograph, generally one of the standard
solutions with a concentration within the linear range of the
calibration curve and a sample solution with a concentration
close to that of the standard solution are prepared, and the
chromatography is performed with these solutions under a
fixed condition to obtain the amount of the component. In
this method, all procedures, such as the injection procedure,
must be carried out under a strictly constant condition.
Generally, the relative standard deviation (variation
coefficient) is calculated to confirm the reproducibility of the
peak areas or peak heights of the objective compound, which
are obtained by repeating the injection of a fixed volume of
the standard solution.

(3) Standard addition method—Pipet a fixed volume of
more than 4 sample solutions, add exactly the standard solu-
tion so that stepwise increasing amounts of the object com-
pound are contained in the solutions except 1 sample solu-
tion, diluted exactly each solution with and without standard
solution to a definite volume, and use each solution as the
sample solution. Based on the chromatogram obtained by ex-
act injection of a fixed volume of individual sample solutions,
measure the peak area of individual sample solutions. Calcu-
late the concentration of standard objective compound added
into each sample solution, plot the amounts (concentration)
of added standard object compound on the abscissa and the
peak area on the ordinate on the graph, extend the calibra-
tion curve obtained by linking the plots, and determine the
amount of object compound to be assayed from the distance
between the origin and the intersecting point of the calibra-
tion curve with the abscissa. Generally, the relative standard
deviation (variation coefficient) is calculated to confirm the
reproducibility of the peak areas of the objective compound,
which are obtained by repeating the injection of a fixed
volume of the standard solution. This method is available
only in the case that the calibration curve is a straight line,
and passes through the origin when the absolute calibration
curve method is employed. In this method, all procedures
must be carried out under a strictly constant condition.

Method for peak measuring

Generally, the following methods are used.

(1) Peak height measuring method

(i) Peak height method: Measure the distance between
the maximum of the peak and the intersecting point of a per-
pendicular line from the maximum of the peak to the
horizontal axis of recording paper with a tangent linking the
baselines on either side of the peak.

(ii) Automatic peak height method: Measure the signals
from the detector as the peak height using a data processing
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system.

(2) Peak area measuring method

(1) Width at half-height method: Multiply the peak width
at the half-height by the peak height.

(i) Automatic integration method: Measure the signals
from the detector as the peak area using a data processing
system.

Terminology

The definition of terms described under Liquid Chro-
matography <2.0I> shall apply in Gas Chromatography
<2.02>.

Note: Avoid the use of authentic specimens, internal stan-
dards, reagents or solvents containing substances that may
interfere with the determination.

Among the operating conditions specified in the individual
monograph, inside diameter and length of the column, parti-
cle size of the column packing material, concentration of the
stationary phase, column temperature,and flow rate of carri-
er gas may be modified within limits which allow the required
elution order, resolution, symmetry factor and relative stan-
dard deviation to be obtained. The sample injection port and
the operating conditions for headspace may be also modified
within limits which allow the accuracy and precision more
than those of a prescribed method to be obtained.

2.03 Thin-layer Chromatography

Thin-layer Chromatography is a method to separate each
ingredient by developing a mixture in a mobile phase, using a
thin-layer made of a suitable stationary phase, and is applied
for identification, purity test, etc. of substances.

Preparation of thin-layer plate

Generally, proceed by the following method.

A smooth and uniformly thick glass plate having a size of
50 mm X 200 mm or 200 mm X 200 mm is used for preparing
a thin-layer plate. Using a suitable apparatus, apply a water
suspension of powdered solid substance for the stationary
phase, directed in the monograph, on one side of the glass
plate to make a uniform layer of 0.2 to 0.3 mm in thickness.
After air-drying, dry further by heating at a fixed tempera-
ture between 105°C and 120°C for 30 to 60 minutes. A suita-
ble plastic plate may be used instead of the glass plate.
Preserve the dried plate with protection from moisture.

Procedure

Unless otherwise specified, proceed by the following
method.

Designate a line about 20 mm distant from the bottom of
the thin-layer plate as the starting line, spot 2 to 6 mm in di-
ameter the directed volumes of the sample solution or the
standard solution in the monograph using micropipets at
points on this line, separated by more than 10 mm, and air-
dry. Unless otherwise specified, attach the filter paper along
with the inside wall of the container, and wet the filter paper
with the developingt solvent. In the container, the developing
solvent is placed up to about 10 mm in height from the bot-
tom beforehand, seal the container closely, and allow it to
stand for 1 hour at ordinary temperature. Place the plate in
the container, avoiding contact with the inside wall, and seal
the container. Develop it at ordinary temperature.

When the solvent front has ascended from the starting line
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to the distance directed in the monograph, remove the plate
from the container. Immediately put a mark at the solvent
front. After air-drying, observe the location, color, etc., of
each spot by the method specified in the monograph. Calcu-
late the Rf value by using the following equation:

Rf =

distance from the starting line to the center of the spot
distance from the starting line to the solvent front

Spectroscopic Methods

2.21 Nuclear Magnetic Resonance
Spectroscopy

Nuclear Magnetic Resonance (NMR) Spectroscopy is
based on the phenomenon that specific radio frequency radia-
tion is absorbed by magnetic nuclei in a sample placed in a
magnetic field; target nuclei are 'H, 3C, N, °F, 31P, etc.
These nuclei have intrinsic spin angular momentum, of which
the magnitude is given by I (/+1)/h/2n, where [ is the spin
quantum number and is integral or half-integral (I=1/2 for
'H and 3C). When the magnetic nuclei are placed in a mag-
netic field, they are oriented in 2/+1 possible orientations
corresponding to 2/+1 equally spaced energy levels (two
energy levels for 'H and 13C). The transition between two suc-
cessive quantized energy levels corresponding to adjacent
orientations can be induced by electromagnetic radiation
with a suitable frequency. The precise relation between the
field strength and the resonant frequency v is given by

yoy. Ho
2n
where H, is the strength of the applied external magnetic field
and y is the gyromagnetic ratio, a constant characterizing a
particular isotope. The absorption of radiation (NMR signal)
can occur only when the irradiating radio frequency satisfies
the resonance condition. Since the absorption coefficient (the
transition probability) does not depend on the environment
in which the nuclei are located, the intensity is basically
proportional to the number of nuclei. The excess spins shift-
ed to the higher energy levels by the transition process return
to the thermal equilibrium state at various rates determined
by a characteristic time constant (known as the relaxation
time).

A nucleus is shielded from the applied magnetic field by the
electrons belonging to its own atom and to the molecule.
Therefore nuclei in different environments are shielded to
different extents and resonate at different frequencies. The
difference in resonance frequencies is defined as chemical
shift (0), which is independent of the strength of the magnetic
field, and is given by

o= 45y
VR
where,

vs: The resonance frequency of the observed signal,

vr: The resonance frequency of the reference signal,

vr: The chemical shift of the reference signal (in the case of

the value not being 0).
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The chemical shifts are normally expressed in ppm, a
dimensionless unit, by assuming the chemical shift of the
reference compound as 0 ppm. When the chemical shift of
the reference compound is not assumed to be 0 ppm, chemi-
cal shifts of samples are corrected accordingly.

In addition to the shielding due to electrons, the nucleus is
subjected to effects due to the spin orientations of other mag-
netic nuclei through chemical bonds, resulting in an
additional splitting of the signal. The spacing between two
adjacent components of the signal is known as the spin-spin
coupling constant (J). Coupling constants are measured in
hertz and are independent of the strength of the external
magnetic field. The increased number of interacting nuclei
will make the multiplet pattern more complex.

From the NMR spectrum the following four parameters
can be obtained: chemical shift, spin-spin coupling constant,
resonance intensity (intensities of 'H are proportional to the
number of nuclei and those of 13C and others are susceptible
to the nuclear Overhauser effect (NOE) and relaxation) and
relaxation time. These parameters are useful for structural
determination, identification and quantitative analysis of
molecules. Spin decoupling, NOE, and two-dimensional
NMR techniques are also available for structural analysis.

Spectrometer

There are two types of spectrometers.

(1) Fourier transform NMR (FT-NMR) spectrometers
(Fig. 2.21-1)

Target nuclei are simultaneously excited in all frequency
range of the nuclei by means of an intense radio frequency
pulse. The FID (free induction decay) after the pulse is
detected, which is a time domain signal, is converted to a
frequency domain spectrum by Fourier transformation.
Number of data points suitable for the spectral range, flip an-
gle, acquisition time, delay time and number of scans should
be set appropriately.

Recently FT-NMR is commonly used because of its high
sensitivity and various advanced applications.

(2) Continuous wave NMR (CW-NMR) spectrometers
(Fig. 2.21-2)

In the case of the CW method, a spectrum is obtained by
sweeping the radio frequency or magnetic field continuously
over the frequency range of the nuclei being observed.

Measurement
Prior to measurements, the sensitivity and resolution of the
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instrument must be adjusted to the optimum levels using a
standard sample (ethylbenzene, 1,2-dichlorobenzene or
acetaldehyde) dissolved in an appropriate NMR solvent.

(1) The sample dissolved in a suitable solvent is trans-
ferred into an NMR tube. The reference compound can be
added directly to the sample solution (internal reference), or
a sealed capillary tube containing the reference compound
can be inserted into the NMR tube (external reference). The
sample solutions should be completely homogeneous. In par-
ticular, solid contaminants should be removed in order to ob-
tain good spectra. Various deuterated NMR solvents are
commonly used for NMR measurement and the following
points should be considered in selecting an appropriate
solvent: (i) The solvent signals do not overlap with the sample
signals. (ii) The sample must be soluble in the solvent select-
ed. (iii) The solvent does not react with the sample. Further-
more, it should be noted that chemical shifts can depend
upon the solvent employed, sample concentration and deu-
terium ion concentration, and that viscous solutions usually
give rather broad, poorly resolved spectra.

(2) For the reference standards use the reagents for
nuclear magnetic resonance spectroscopy. For 'H and 13C
spectra, tetramethylsilane (TMS) is usually used as the
reference compound for samples dissolved in organic
solvents. For samples dissolved in deuterium oxide, sodium
2,2-dimethyl-2-silapentane-5-sulfonate (DSS) or sodium 3-
(trimethylsilyl)propionate (TSP) is used. For other nuclei,
nitromethane, trichlorofluoromethane and phosphoric acid
are used as reference compounds for N, °F and 3!P, respec-
tively. Furthermore, chemical shifts of residual protons in
deuterated solvents and 3C in the solvent instead of a refer-
ence compound can be used for 'H and 3C NMR.

Record of apparatus and measurement conditions

Type of instrument, frequency, solvent, temperature, sam-
ple concentration, reference compound, experimental tech-
nique, etc. should be recorded to allow appropriate compari-
son of spectra, because NMR spectra depend on the measure-
ment conditions.

Identification

The sample solution is prepared and tested by the method
directed in each monograph. Usually in the case of 'H NMR,
the sample is identified by the following method.

(1) Identification by the use of chemical shift, multiplicity
and relative intensity

When chemical shifts, multiplicities and relative intensities
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of signals are defined, the sample can be identified as being
the same substance when all chemical shifts, multiplicities
and relative intensities are the same as those prescribed.

(2) Identification by the use of a Reference Standard

Measurement conditions should be the same as those used
in the case of the Reference Standard. When the spectra of a
sample and the Reference Standard exhibit the same
multiplicities and relative intensities of signal at the same
chemical shifts, the sample can be identified as being the same
substance as the Reference Standard.

Experimental techniques of "H and 3C NMR spectroscopy

NMR spectroscopy includes one-, two- and multi-dimen-
sional techniques, which are used for various purposes.

Spin decoupling, and NOE are available in one-dimen-
sional 'H spectroscopy. Spin decoupling can assign coupling
correlations. As NOE can observe correlations among
spatially proximate protons, the configuration and the
conformation can be analyzed.

Broadband decoupling, INEPT and DEPT are usually
applied in one-dimensional *C spectroscopy. The broadband
decoupling technique simplifies a spectrum and achieves en-
hancement of sensitivity. INEPT (insensitive nuclei enhanced
by polarization transfer) and DEPT (distortionless enhance-
ment of polarization transfer) enhance the sensitivity of 13C
by means of polarization transfer from directly bonded 'H
with a large magnetic moment. They can be applied to identi-
fy primary, secondary, tertiary or quarternary carbon.

Two-dimensional spectroscopy can observe all correlation
peaks between nuclei through spin-spin coupling or NOE in a
single experiment, and there are many techniques for
homonuclear and heteronuclear measurements. Representa-
tive techniques are described below.

COSY (2D correlation spectroscopy), HOHAHA
(homonuclear Hartmann-Hahn spectroscopy) or TOCSY
(total correlation spectroscopy): Correlation between protons

through scalar spin-spin coupling is obtained and
intramolecular connectivities of hydrogen atoms are
revealed.

NOESY (2D nuclear Overhauser enhancement and
exchange spectroscopy): NOE is measured by a two-dimen-
sional technique. Approximate distances between spatially
proximate hydrogen atoms are obtained to analyze the three-
dimensional structure.

INADEQUATE (incredible natural abundance double
quantum transfer experiment): Although this technique is in-
sensitive because it involves double quantum transfer by
BC.13C scalar coupling in a sample with natural isotopic
abundance, the connectivities of all neighboring 3C nuclei
can be obtained to analyze the carbon skeleton.

HMQC (heteronuclear multiple quantum coherence): This
technique observes correlations between 'H and '}C with
direct spin-spin coupling using 'H detection and reveals
intramolecular chemical bonds between hydrogen and carbon
atoms.

HMBC (heteronuclear multiple bond connectivity): This
technique observes correlations between 'H and 13C with long
range spin-spin coupling using 'H detection and reveals in-
tramolecular connectivities of hydrogen and carbon atoms.

There are many other techniques such as DQF-COSY
(double quantum filtered COSY) and HSQC (heteronuclear
single quantum coherence). Furthermore, multidimensional
NMR techniques are used to analyze macromolecules.
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2.22 Fluorometry

Fluorometry is a method to measure the intensity of
fluorescence emitted from a solution of fluorescent substance
irradiated with an exciting light in a certain wavelength
range. This method is also applied to the phosphorescent sub-
stances.

Fluorescence intensity F in a dilute solution is proportional
to the concentration c in mol per liter of the solution and the
pathlength / of light through the solution in centimeter.

F=kl,pecl
k: Constant
I,: Intensity of exciting light
¢: Quantum yield of fluorescence or phosphorescence

number of quanta emitted as
fluorescence or phosphorescence

number of quanta absorbed

&: Molar extinction coefficient of the substance at the exci-
tation wavelength

Apparatus

Spectrofluorometer is usually used. Generally, a xenon
lamp, laser, an alkaline halide lamp, etc. which provide sta-
ble exciting light are used as the light source. Usually, a non-
fluorescent quarz cell (1 cm X1 cm) with four transparent
sides is used as the container for sample solution.

Procedure

Excitation spectrum is obtained by measuring fluorescence
intensities of sample solution with varying excitation
wavelengths at a fixed emission wavelength (in the vicinity of
the fluorescence maximum) and drawing a curve showing the
relationship between the excitation wavelength and the
fluorescence intensity. Fluorescence spectrum is obtained by
measuring fluorescence intensities of sample solution with
varying emission wavelengths at a fixed excitation wavelength
(in the vicinity of the excitation maximum) and drawing the
same curve as described for the excitation spectrum. If neces-
sary, the spectra are corrected with regard to the optical
characteristics of the apparatus.

The fluorescence intensity is usually measured at the excita-
tion and the emission wavelengths in the vicinity of excitation
and emission maxima of the fluorescent substance. The
fluorescence intensity is expressed as a value relative to that
of a standard solution, because it is readily affected even by a
slight change in the condition for the measurement.

Unless otherwise specified, the instrument is operated as
follows with standard, sample, and reference solutions pre-
pared as directed in the monograph: Fix the excitation and
fluorescence wavelength scales at the designated positions,
adjust the dark current to zero, put the quarz cell containing
the standard solution in the light path, and adjust the instru-
ment so that the standard solution shows the fluorescence in-
tensity of 60% to 80% of full scale. Then perform the meas-
urements with the cells containing the sample solution and
the control solution, and read the fluorescence intensity as %
under the same condition. Set the width of the wavelength
properly unless otherwise specified.

Note: The fluorescence intensity is readily affected by the
concentration, temperature and pH of the solution, and na-
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ture and purity of solvents or reagents used.

2.23 Atomic Absorption
Spectrophotometry

Atomic Absorption Spectrophotometry is a method to de-
termine the amount or the concentration of an element in a
sample specimen being examined, by utilizing the phenomen-
on that atoms being in the ground state absorb the light of
specific wavelength, characteristic of the respective atom,
when the light passes through an atomic vapor layer of the
element to be determined.

Apparatus

Usually, the apparatus consists of a light source, a sample
atomizer, a spectroscope, a photometer and a recording sys-
tem. Some are equipped with a background compensation
system. As a light source, usually a hollow cathode lamp
specified for each element is used and sometimes a discharge
lamp is also used. There are three types of sample atomizer:
the flame type, the electrothermal type, and the cold-vapor
type. The first one is composed of a burner and a gas-flow
regulator, the second one is composed of an electric furnace
and a power source, and the third one is composed of a
mercury generator and an absorption cell. The third one is
further classified into two subtypes, which differ in the
atomizing method for mercury containing-compounds: one
utilizes chemical reduction-vaporization and the other utilizes
a thermal reduction-vaporization method.

For the selection of an appropriate analytical wavelength
in a spectroscope, a grating for light diffraction or an inter-
ference filter can be used. A recording system is composed of
a display and a recording device. A background compensa-
tion system is employed for the correction of atmospheric
effects on the measuring system. Several principles can be
utilized for background compensation, using continuous
spectrum sources, the Zeeman splitted spectrum, the non-
resonance spectrum, or self-inversion phenomena.

Another special options such as a hydride generator and a
heating cell, can also be used for analyzing such as selenium.
As a hydride generator, a batch method and/or a continuous
flow method can be applied. While as a heating cell, there are
two kinds of cell: one for heating by flame and the other for
heating by electric furnace.

Procedure

Unless otherwise specified, proceed by any of the following
methods.

(1) Flame type—Fit the specific light source to the lamp
housing and switch on the instrument. After lighting the
lamp and selecting the analytical wavelength specified in the
monograph, set an appropriate electric current and slit-
width. Next, a mixture of a combustible gas and a supporting
gas is ignited and the gas flow rate and/or pressure should be
adjusted to optimum conditions. The zero adjustment of the
detecting system must be done through nebulizing the blank
solvent into the flame. After setting up the measuring system,
the sample solution prepared by the specified procedure is
introduced into the flame and the light absorption at the
characteristic wavelength of the element to be determined is
measured.
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(2) Electrothermal type—Fit the specific light source to
the lamp housing and switch on the instrument. After light-
ing the lamp and selecting the analytical wavelength specified
in the monograph, set an appropriate electric current and slit-
width. Further, set an electric furnace to the appropriate tem-
perature, electric current, and heating program, as directed
separately in the monograph. When a suitable amount of
sample is injected into the heated furnace with an appropriate
stream of inert gas, the sample is dried and ashed, simultane-
ously with atomization of the metallic compound included in
the specimen. The atomic absorption specified is observed
and the intensity of absorption is measured. Details of the
sample preparation method are provided separately in the
monograph.

(3) Cold vapor type—Fit the mercury lamp to the lamp
housing and switch on the instrument. After lighting the
lamp and selecting the analytical wavelength specified in the
monograph, set an appropriate electric current and a slit-
width. In the chemical atomization-vaporization method, a
mercury containing compound in the sample solution, pre-
pared by the specified procedure, is chemically reduced to
metallic mercury by adding a proper reducing reagent to the
closed vessel and the generated mercury is vaporized and in-
troduced into the absorption cell with a flow of inert gas. In
the thermal atomization-vaporization method, the sample
specimen on a quartz dish is heated electrically and the gener-
ated atomic mercury is vaporized and introduced into the
absorption cell with a flow of inert gas. Thus, in both
methods, the generated atomic mercury is carried into the
absorption cell as cold vapor and the intensity of the charac-
teristic atomic absorption of mercury is measured.

Determination

Usually, proceed by any of the following methods. In the
determination, the possibility of interference for various
reasons and the background effect must be considered and
avoided if possible.

(1) Calibration curve method—Prepare standard solu-
tions at more than 3 concentration levels, measure the specific
absorption due to these standard solutions, and prepare the
calibration curve of the atomic absorption against the con-
centration. Then measure the atomic absorption due to the
sample specimen, in which the concentration of the element
to be determined should be adjusted to be within the concen-
tration range of the standard solutions, and determine the
amount or the concentration of the element to be examined
using the calibration curve.

(2) Standard addition method—To equal volumes of
more than 3 sample solutions, prepared as directed in the
monograph, add a measured quantity of the standard solu-
tions to produce a series of solutions containing increasing
amounts of the element to be examined, and further add a
solvent to make up a constant volume. Measure the atomic
absorption for the respective solutions, and plot the obtained
values on a graph with the added amount or the concentra-
tion on the abscissa and the absorbance on the ordinate.
Extrapolate the linear plot obtained by linking the data
points, and determine the amount or the concentration of the
element to be examined from the distance between the origin
and the point where the plot intersects with the abscissa. This
method is available only when the calibration curve obtained
by Method (1) is confirmed to be linear and to pass through
the origin.
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(3) Internal standard method—Prepare a series of stan-
dard solutions of the element to be determined, each contain-
ing a definite amount of the internal standard element direct-
ed in the monograph. For these standard solutions, measure
the atomic absorption due to the standard element and the
internal standard element separately at the respective
wavelengths under the same operating conditions, and obtain
the ratio of absorbance by the standard element to that by the
internal standard element. Prepare a calibration curve for the
element to be determined, with the amount or the concentra-
tion of the standard element on the abscissa and the above-
mentioned ratio of the absorbance on the ordinate. Then pre-
pare sample solutions, adding the same amount of the inter-
nal standard element as contained in the standard solutions.
Measure the ratio of the absorbance due to the element to be
determined to that due to the internal standard element under
the same conditions as employed for preparing the calibra-
tion curve, and determine the amount or the concentration of
the element being examined by using the calibration curve.

Note: Reagents, test solutions, and gases used in this test
should not interfere in any process of the measurement.

2.24 Ultraviolet-visible
Spectrophotometry

Ultraviolet-visible Spectrophotometry is a method to meas-
ure the degree of absorption of light between the wavelengths
of 200 nm and 800 nm by substances for the tests of their
identity and purity, and for assay. When an atomic absorp-
tion spectrophotometer is used for these purposes, proceed as
directed under Atomic Absorption Spectrophotometry <2.23
>. When monochromatic light passes through a substance in
the solution, the ratio of transmitted light intensity 7 to inci-
dent light intensity I, is called transmittance #; transmittance
expressed in the percentage is called percent transmission 7,
and common logarithm of the reciprocal of transmittance is
called absorbance A.

I I _ _ I
t—To T—TOXIOO—IOOt A—logT

The absorbance A is proportional to the concentration ¢ of
a substance in the solution and the length / of the layer of the
solution through which light passes.

A=kcl (k: constant)

The absorbance, calculated on the basis that /is 1 cm and ¢
is 1 mol/L, is called molar absorption coefficient ¢. The mo-
lar absorption coefficient at the wavelength of maximum ab-
sorption is expressed as &€pax.

When a light beam passes through a substance in the solu-
tion, the absorbance by the sample differs depending on the
wavelengh of the light. So, an absorption spectrum is ob-
tained by determining the absorbances of a light beam at
various wavelengths and by graphically plotting the relation
between absorbance and wavelength. From the absorption
spectrum, it is possible to determine the wavelength of maxi-
mum absorption A, and that of minimum absorption A;,.

The absorption spectrum of a substance in the solution is
characteristic, depending on its chemical structure. There-
fore, it is possible to identify a substance by comparing the
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spectrum of a sample within the specified wavelength range
with the Reference Spectrum or the spectrum of Reference
Standard, by determing the wavelengths of maximum ab-
sorption, or by measuring the ratio of absorbances at two
specified wavelengths. For the purpose of assay, the absor-
bance by a sample solution with a certain concentration is
measured at the wavelength of the maximum absorption A,
and compared it with the absorbance of a standard solution
with a certain concentration.

Apparatus and adjustment

A spectrophotometer or a photoelectric photometer is used
for the measurement of absorbance.

After adjusting the spectrophotometer or photoelectric
photometer based on the operation manual of the apparatus,
it should be confirmed that the wavelength and the transmis-
sion rate meet the specifications of the tests described below.

The calibration of wavelength should be carried out as
follows. Using an optical filter for wavelength calibration,
measure the transmission rate in the vicinity of the standard
wavelength value shown in the test results form, under the
test conditions given in the test results form attached to each
of the filters. When performing a test to determine the
wavelength which shows minimal transmission rate, the
difference between the measured wavelength and the standard
wavelength value should be within £+ 0.5 nm. When the
measurement is repeated three times, each value obtained
should be within the mean = 0.2 nm. It is also possible to
carry out the test using a low-pressure mercury lamp at bright
line wavelengths of 253.65 nm, 365.02 nm, 435.84 nm and
546.07 nm, or a deuterium discharge lamp at bright line
wavelengths of 486.00 nm and 656.10 nm. In the case of these
tests, the difference between the measured wavelength and the
wavelength of the bright line should be within £ 0.3 nm.
When the measurement is repeated three times, each value
obtained should be within the mean + 0.2 nm.

The calibration of transmission rate or absorbance should
be carried out as follows. Using an optical filter for transmis-
sion rate calibration, determine the transmission rate at the
standard wavelength value under the test conditions given in
the test results form attached to each of the filters. The differ-
ence between the measured transmission rate and the stan-
dard transmission rate value should be within the range of
from 1% larger of the upper limit to 1% smaller of the lower
limit for the relative accuracy shown in the test results form.
When the measurement is repeated three times, each absor-
bance obtained (or calculated from the transmission rate)
should be within the mean £ 0.002 when the absorbance is
not more than 0.500, and within the mean + 0.004 when the
absorbance is more than 0.500. In addition, it will be desira-
ble to confirm the linearity of transmission rate at the same
wavelength using several optical filters for calibration of
transmission rate with different transmission rates.

Procedure

After adjusting the apparatus as directed in the Apparatus
and adjustment, select and set the light source, detector,
mode of measurement, measuring wavelength or wavelength
range, spectrum width and scanning speed.

Subsequently, allow the apparatus to stand for a certain
time to confirm its stability. Then, usually adjust the appara-
tus so that the transmittance is 0% at measuring wavelength
or over measuring wavelength range after shutting the sample
side of light path. Then open the shutter and adjust the trans-
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mittance to 100% (the absorbance is zero). Adjusting the
transmittance to 100% is usually done by putting cells con-
taining the control solution in both light paths. For the con-
trol solution, unless otherwise specified, blank solvent is
used.

Then perform the measurement with the cell containing the
sample solution, and read the absorbance at measuring
wavelength, or measure the spectrum over measuring
wavelength range. Unless otherwise specified, a cell with a
path length of 1 cm, made of quartz for ultraviolet range and
of quartz or glass for visible range, is used. Special considera-
tion is needed with the absorption of solvents in the ultravio-
let range; use a solvent which does not disturb accurate meas-
urement.

Specific absorbance

In the Japanese Pharmacopoeia, the absorbance, calculat-
ed on the basis that / is 1 cm and c¢ (concentration of a
medicament) is 1 w/v%, is called specific absorbance, and is
expressed as E 1%

lem*

El%= -2
lcm x|

[ : Length of the layer of the solution (cm)
A : Absorbance value
c: Concentration of the sample in the solution (w/v%)

The description of, for example, “E%Z/fn (241 nm): 500 -
530 (after drying, 2 mg, methanol, 200 mL)’’ in the mono-
graph, indicates that observed E %2/,‘;, value is between 500 and
530, when the test is performed in the following manner: The
sample is dried under the conditions specified in the Test for
Loss on Drying, and about 2 mg of the sample is weighed ac-
curately with a microbalance, and dissolved in methanol to
make exactly 200 mL, then the absorbance of the solution is
measured as directed in the Procedure at a wavelength of 241
nm using a cell with a path length of 1 cm.

Identification

Prepare the sample solution as directed in the monograph,
and test as directed in the Procedure. Usually, the test is per-
formed by a single method or in a combination of a few
methods in the following methods using the absorbance or
absorption spectrum obtained from the sample solution.
Subtle differences in the absorption spectrum arising from
differences in the apparatus used may be neglected.

(1) Identification using Reference Spectrum

When the absorption spectrum obtained from the sample
solution exhibits similar intensities of absorption at the same
wavelengths as those of the Reference Spectrum, the identity
of the sample and the reference may be confirmed. In this
case, the range of the wavelength to be compared is the range
shown on the Reference Spectrum.

Reference spectrum: Reference spectra are specified under
the Ultraviolet-visual Reference Spectra, which are used as
the reference for the test of identification specified in the
monograph.

(2) Identification using Reference Standard

When the absorption spectrum obtained from the sample
solution exhibits similar intensities of absorption at the same
wavelengths as those of the spectrum obtained from the
Reference Standard, the identity of the sample and the refer-
ence may be confirmed. In this case, the range of the
wavelength to be compared is the range shown on the Refer-
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ence Spectrum. When the relevant Reference Spectrum is not
available, the range is that specified in the monograph.

(3) [Identification using absorption wavelength

When maximum absorption wavelengths of the spectrum
obtained from the sample solution match the wavelengths
specified in the monograph, the identity of the substance may
be confirmed. In this case, the range of the wavelength to be
compared is the range shown on the Reference Spectrum.

(4) Identification using the ratio of the absorbances ob-
tained at two or more wavelengths

When the ratios of absorbances at the specified
wavelengths in the spectrum obtained from the sample solu-
tion meet the specifications in the monograph, the identity of
the substance may be confirmed.

Assay

Prepare the control solution, the sample solution and the
standard solution as directed in the monograph, measure the
absorbances of the sample solution and the standard solution
according to the method described in the Procedure, and de-
termine the amount of the substance to be assayed in the
sample by comparing the absorbances.

2.25 Infrared Spectrophotometry

Infrared Spectrophotometry is a method of measurement
of the extent, at various wave numbers, of absorption of in-
frared radiation when it passes through a layer of a sub-
stance. In the graphic representation of infrared spectra, the
plot usually shows units of wave numbers as the abscissa and
units of transmittance or absorbance as the ordinate. Wave
number and transmittance or absorbance at each absorption
maximum may be read graphically on an absorption spec-
trum and/or obtained by a data-processor. Since the wave
number and the respective intensity of an absorption maxi-
mum depend on the chemical structure of a substance, this
measurement can be used to identify or determine a sub-
stance.

Instrument and adjustment

Several models of dispersive infrared spectrophotometers
or Fourier-transform infrared spectrophotometers are availa-
ble.

The instruments, adjusted according to the instruction
manual of each individual instrument, should comply with
the following test for resolving power, transmittance repro-
ducibility and wave number reproducibility. When the spec-
trum of a polystyrene film about 0.04 mm thick is recorded,
the depth of the trough from the maximum absorption at
about 2850 cm ! to the minimum at about 2870 cm ~! should
be not less than 18% transmittance and that from the maxi-
mum at about 1583 cm~! to the minimum at about 1589
cm~! should be not less than 12% transmittance.

The wave number (cm ') scale is usually calibrated by the
use of several characteristic absorption wave numbers (cm ~1)
of a polystyrene film shown below. The number in paren-
theses indicates the permissible range.

3060.0 (£1.5) 2849.5 (£1.5)
1601.2 (+1.0) 1583.0 (£1.0)
1028.3 (£1.0)

1942.9 (£1.5)
1154.5 (£1.0)

When the dispersive infrared spectrophotometer is used,
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the permissible range of the absorption wave numbers at
1601.2 cm ! and at 1028.3 cm ! should be both within +2.0
cm~ L,

As the repeatability of transmittance and wave number,
the difference of transmittance should be within 0.5% when
the spectrum of a polystyrene film is measured twice at sever-
al wave numbers from 3000 to 1000 cm ~!, and the difference
of wave number should be within 5 cm~! at about 3000 cm !
and within 1 cm~! at about 1000 cm !,

Preparation of samples and measurement

Unless otherwise specified, when it is directed to perform
the test ‘‘after drying the sample’’, use a sample dried under
the conditions specified in the monograph. Prepare the speci-
men for the measurement according to one of the following
procedures so that the transmittance of most of the absorp-
tion bands is in the range of 5% to 80%. Single crystals of so-
dium chloride, potassium bromide, etc. are available for the
optical plate. Generally, the reference cell or material is
placed in the reference beam for double-beam instruments,
while for single-beam instruments, it is placed in the same op-
tical path in place of the specimen and measured separately
under the same operating conditions. The composition and
preparation of the reference depend on the sample prepara-
tion methods, and sometimes the background absorption of
the atmosphere can be utilized.

Unless otherwise specified in the monograph, the spectrum
is usually recorded between 4000 cm~! and 400 cm 1. The
spectrum should be scanned using the same instrumental con-
ditions as were used to ensure compliance with the require-
ments for the resolving power and for the precision of wave
number scale and of wave numbers.

(1) Potassium bromide disk or potassium chloride disk
method—Powder 1 to 2 mg of a solid sample in an agate
mortar, triturate rapidly with 0.10 to 0.20 g of potassium
bromide or potassium chloride for infrared spectrophotomet-
ry with precautions against moisture absorption, and com-
press the mixture with a press in a suitable die (disk-forming
container) to make the sample disk. If necessary to obtain a
transparent disk, press the mixture under vacuum in a die
with pressure applied to the die of 50 to 100 kN per cm? for 5
to 8 minutes. Prepare a potassium bromide reference disk or
a potassium chloride reference disk in the same manner as the
sample disk.

(2) Solution method—Place the sample solution prepared
by the method directed in each monograph in a fixed cell for
liquid, and usually measure the spectrum against the refer-
ence solvent used for preparing the sample solution. The sol-
vent used in this method should not show any interaction or
chemical reaction with the specimen to be examined and
should not damage the optical plate. The thickness of the fix-
ed cell is usually 0.1 mm or 0.5 mm.

(3) Paste method—Powder 5 to 10 mg of a solid speci-
men in an agate mortar, and, unless otherwise specified,
triturate the specimen with 1 to 2 drops of liquid paraffin to
give a homogeneous paste. After spreading the paste to make
a thin film in the center of an optical plate, place the plate
upon another optical plate with precautions against intrusion
of air, bubbles in the film, and examine its absorption spec-
trum.

(4) Liquid film method—Examine 1 to 2 drops of a liquid
specimen as a thin film held between two optical plates. When
the absorption intensity is not sufficient, place spacers of
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aluminum foil, etc., between the two optical plates to make a
thicker liquid film.

(5) Film method—Examine a thin film just as it is or a
prepared thin film as directed in each monograph.

(6) Gas sampling method—Put a sample gas in a gas cell
previously evacuated under the pressure directed in the
monograph, and examine its absorption spectrum. The path
length of the gas cell is usually 5 cm or 10 cm, but, if necessa-
ry, may exceed 1 m.

(7) ATR method—Place a specimen in close contact with
an attenuated total reflectance (ATR) prism, and examine its
reflectance spectrum.

(8) Diffuse reflectance method—Powder 1 to 3 mg of a
solid specimen into a fine powder of not more than about 50
um particle size in an agate mortar, and triturate rapidly with
0.05 to 0.10 g of potassium bromide or potassium chloride
for infrared spectrophotometry with precautions against
moisture absorption. Place the mixture in a sample cup, and
examine its reflectance spectrum.

Identification

When the spectrum of a specimen and the Reference Spec-
trum of the substance expected to be found or the spectrum
of the Reference Standard exhibit similar intensities of ab-
sorption at the same wave numbers, the specimen can be
identified as being the substance expected to be found. Fur-
thermore, when several specific absorption wave numbers are
specified in the monograph, the identification of a specimen
with the substance expected to be found can be confirmed by
the appearance of absorption bands at the specified wave
numbers.

(1) Identification by the use of a Reference Standard

When the spectra of a specimen and the Reference Stan-
dard exhibit similar intensities of absorption at the same
wave numbers, the specimen can be identified as being the
same substance as the Reference Standard. When a sample
treatment method for a solid specimen is indicated in the
monograph in the case of nonconformity of the spectrum
with that of the Reference Standard, treat the specimen being
examined and the Reference Standard in the same manner as
directed in the monograph, then repeat the measurement.

(2) Identification by the use of a Reference Spectrum

When the spectra of a specimen and the Reference Spec-
trum exhibit similar intensities of absorption at the same
wave numbers, the specimen can be identified as being the
same substance associated with the Reference Spectrum.
When a sample treatment method for a solid specimen is indi-
cated in the monograph in the case of nonconformity of the
spectrum with the Reference Spectrum, treat the specimen
being examined as directed in the monograph, then repeat the
measurement.

(3) Identification by the use of absorption wave number

When several specific absorption wave numbers of the sub-
stance being examined are specified in the monograph, a
specimen can be identified as being the same substance as the
expected substance by confirmation of clear appearance of
the absorption bands at all the specified wave numbers.

Reference spectra

Infrared Reference Spectra, in the range between 4000
cm~1and 400 cm 1, are shown at the end of this book for the
monographs requiring the identification test by Infrared
Spectrophotometry <2.25>, except for monographs in which
“‘Identification by absorption wave number’’ is specified.
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Other Physical Methods

2.41 Loss on Drying Test

Loss on Drying Test is a method to measure the loss in
mass of the sample, when dried under the conditions specified
in each monograph. This method is applied to determine the
amount of water, all or a part of water of crystallization, or
volatile matter in the sample, which is removed during the
drying.

The description, for example, ‘‘not more than 1.0% (1 g,
105°C, 4 hours)’’ in a monograph, indicates that the loss in
mass is not more than 10 mg per 1 g of the substance in the
test in which about 1 g of the substance is accurately weighed
and dried at 105°C for 4 hours, and ‘‘not more than 0.5% (1
g, in vacuum, phosphorus (V) oxide, 4 hours),”’ indicates
that the loss in mass is not more than 5 mg per 1 g of the sub-
stance in the test in which about 1 g of the substance is ac-
curately weighed, transferred into a desiccator (phosphorus
(V) oxide), and dried in vacuum for 4 hours.

Procedure

Weigh accurately a weighing bottle that has been dried for
30 minutes according to the method specified in the mono-
graph. Take the sample within the range of +10% of the
amount directed in the monograph, transfer into the weigh-
ing bottle, and, unless otherwise specified, spread the sample
so that the layer is not thicker than 5 mm, then weigh it ac-
curately. Place the loaded bottle in a drying chamber, and
dry under the conditions specified in the monograph. When
the size of the sample is large, convert it to small particles
having a size not larger than 2 mm in diameter by quick
crushing, and use the crushed sample for the test. After
drying, remove from the drying chamber, and reweigh ac-
curately. When the sample is dried by heating, the tempera-
ture is within the range of +2°C of that directed in the
monograph, and, after drying the bottle, the sample is al-
lowed to cool in a desiccator (silica gel) before weighing.

If the sample melts at a temperature lower than that speci-
fied in the monograph, expose the sample for 1to 2 hoursto a
temperature between 5°C and 10°C below the melting tem-
perature, dry under the conditions specified in the mono-
graph. Use a desiccant specified in the monograph, and renew
frequently.

2.42 Congealing Point
Determination

The congealing point is the temperature measured by the
following method.

Apparatus
Use the apparatus illustrated in Fig. 2.42-1.

Procedure

Transfer the sample into sample container B up to the
marked line C. When the sample is solid, melt the sample by
heating to a temperature not higher than 20°C above the
expected congealing point, and transfer to B. Fill the glass or
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A: Cylinder made of glass (the tube is painted with silicone oil
on both sides of the wall to prevent clouding).

B: Sample container (a hard glass test tube, which is painted
with silicone oil to prevent clouding, except at the region of
the wall in contact with the sample; insert it into cylinder A,
and fix with cork stopper).

C: A marked line.

D: Bath made of glass or plastics.

E: Stirring rod made of glass or stainless steel (3 mm in diam-
eter, the lower end part of it is bent to make a loop, about
18 mm in diameter).

F: Thermometer with an immersion line.

G: Thermometer with an immersion line or a total immersion
thermometer.

H: Immersion line

Fig. 2.42-1

plastic bath D with water at a temperature about 5°C below
the expected congealing point. When the sample is liquid at
room temperature, fill bath D with water at a temperature be-
tween 10°C and 15°C lower than the expected congealing
point.

Insert the sample container B containing the sample into
cylinder A. Adjust the immersion line H of thermometer F to
the same level of the meniscus of the sample. After cooling
the sample to about 5°C above the expected congealing
point, move vertically the stirrer E at the rate of about 60 to
80 strokes per minute, and observe the thermometer readings
at 30-second intervals. The temperature falls gradually. Dis-
continue stirring, when an appreciable amount of crystals has
formed and the temperature is constant or has begun to rise.
Usually, read the maximum temperature (reading of F), that
is constant for a while after a rise of temperature. If no rise of
temperature occurs, read the temperature that is constant for
a while. The average of not less than four consecutive read-
ings that lie within a range of 0.2°C constitutes the congeal-
ing point.
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Note: If a state of super cooling is anticipated, rub the in-
ner wall of bath B or put a small fragment of the solid sample
into bath B for promoting the congealment, when the tem-
perature approaches near the expected congealing point.

2.43 Loss on Ignition Test

Loss on Ignition Test is a method to measure the loss in
mass when the sample is ignited under the conditions speci-
fied in each monograph. This method is usually applied to in-
organic drugs which lose a part of the components or impuri-
ties during ignition.

The description, for example, ““40.0 - 52.0% (1 g, 450 -
550°C, 3 hours)’’ in a monograph, indicates that the loss in
mass is 400 to 520 mg per g of the substance in the test in
which about 1 g of the substance is weighed accurately and ig-
nited between 450°C and 550°C for 3 hours.

Procedure

Previously ignite a crucible or a dish of platinum, quartz or
porcelain to constant mass, at the temperature directed in the
monograph, and weigh accurately after cooling.

Take the sample within the range of +10% of the amount
directed in the monograph, transfer into the above ignited
container, and weigh it accurately. Ignite under the condi-
tions directed in the monograph, and, after cooling, reweigh
accurately. Use a desiccator (silica gel) for the cooling.

2.44 Residue on Ignition Test

This test is harmonized with the Sulphated Ash Test of the
European Pharmacopoeia and the Residue on Igntion Test of
the U. S. Pharmacopeia. The parts of the text that are not
harmonized are marked with symbols (* ).

*The Residue on Ignition Test is a method to measure the
amount of residual substance not volatilized from a sample
when the sample is ignited in the presence of sulfuric acid ac-
cording to the procedure described below. This test is usually
used for determining the content of inorganic impurities in an
organic substance.

The description, for example, ‘‘not more than 0.1% (1
g)’’, in a monograph, indicates that the mass of the residue is
not more than 1 mg per 1 g of the substance in the test in
which about 1 g of the substance is weighed accurately and ig-
nited by the procedure described below, and ‘‘after drying”’
indicates that the sample is tested after being dried under the
conditions specified in the test for Loss on drying. o

Procedure

Ignite a suitable crucible (for example, silica, platinum,
quartz or porcelain) at 600+ 50°C for 30 minutes, cool the
crucible in a desiccator (silica gel or other suitable desiccant)
and weigh it accurately.

Take the amount of test sample specified in the individual
monograph in the crucible and weigh the crucible accurately.

Moisten the sample with a small amount (usually 1 mL) of
sulfuric acid, then heat gently at a temperature as low as
practicable until the sample is thoroughly charred. After
cooling, moisten the residue with a small amount (usually 1
mL) of sulfuric acid, heat gently until white fumes are no lon-
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ger evolved, and ignite at 600 £ 50°C until the residue is com-
pletely incinerated. Ensure that flames are not produced at
any time during the procedure. Cool the crucible in a desicca-
tor (silica gel or other suitable desiccant), weigh accurately
and calculate the percentage of residue.

Unless otherwise specified, if the amount of the residue so
obtained exceeds the limit specified in the individual mono-
graph, repeat the moistening with sulfuric acid, heating and
ignition as before, using a 30-minute ignition period, until
two consecutive weighings of the residue do not differ by
more than 0.5 mg or until the percentage of residue complies
with the limit in the individual monograph.

2.45 Refractive Index
Determination

Refractive Index Determination is a method to measure the
ratio of the velocity of light in air to that in the sample.
Generally, when light proceeds from one medium into
another, the direction is changed at the boundary surface.
This phenomenon is called refraction. When light passes
from the first isotropic medium into the second, the ratio of
the sine of the angle of incidence, 7, to that of the angle of
refraction, r, is constant with regard to these two media and
has no relation to the angle of incidence. This ratio is called
the refractive index of the second medium with respect to the
first, or the relative refractive index, n.

sin I
sin r

The refractive index obtained when the first medium is a
vacuum is called the absolute refractive index, N, of the
second medium.

In isotropic substances, the refractive index is a charac-
teristic constant at a definite wavelength, temperature, and
pressure. Therefore, this measurement is applied to purity
test of substances, or to determination of the composition of
homogeneous mixtures of two substances.

The measurement is usually carried out at 20°C, and the D
line of the sodium spectrum is used for irradiation. This value
is expressed as n¥.

Procedure

For the measurement of refractive index, usually the Abbé
refractometer is used at a temperature in the range of +0.2
°C of that directed in the monograph. Use of the Abbé
refractometer permits direct reading of np under incandes-
cent light, with a measurable range from 1.3 to 1.7, and an
attainable precision of 0.0002.

2.46 Residual Solvents Test

Residual Solvents Test is a test to determine the amounts of
residual organic solvents in pharmaceuticals by using the gas
chromatography to monitor adherence to the limits which are
advised for the safety of patients by *’Guideline for Residual
Solvents: ICH Harmonized Tripartite Guideline’’.

Unless otherwise specified, the limit of the residual solvents
is described in ppm in the individual monograph, and unless

JP XV

otherwise specified, the limit should be not more than the
limit advised in the Guideline.

Apparatus, Procedure, and Test Method

Prepare the sample solution and the standard solution as
directed in the relevant monograph, and perform the test as
directed under Gas Chromatography <2.02>.

In monographs, the quantity for the test of sample and
reference standard (reference substances), the method for
preparation of the sample and standard solutions, the injec-
tion amount of the sample and standard solutions for the gas
chromatography, the operating conditions for the head-space
apparatus and the gas chromatography, the system suitabili-
ty, the calculation formula, and other items concerning the
test are specified.

2.47 Osmolarity Determination

Osmolarity Determination is a method for measuring the
osmotic concentration of the sample solution from the extent
of the freezing-point depression.

When a solution and a pure solvent are separated by a
semipermeable membrane, through which the solvent can
pass freely, but the solute cannot, a part of the solvent passes
into the solution compartment through the membrane. The
pressure difference produced between the two compartments
concomitantly with the solvent migration through the mem-
brane, is defined as the osmotic pressure I (Pa). The osmotic
pressure is a physical quantity depending on the total of the
molecular species present, including neutral molecules and
ions, and does not depend on the kind of solute. A solution
property, such as osmotic pressure, freezing-point depres-
sion, boiling-point elevation etc., which depends not on the
kind of solute, but on the total number of all molecular spe-
cies, is called a colligative property of a solution.

The osmotic pressure of a polymer solution can be meas-
ured directly as the hydrostatic pressure difference between
two compartments separated by a semipermeable membrane,
such as a cellulose membrane. However, this is not applicable
to a solution containing low molecular species, which can
pass through a semipermeable membrane. Though the os-
motic pressure of such a solution cannot be measured direct-
ly, the direction and extent of solvent migration through bio-
logical membranes can be predicted from the total number of
all molecular species present when the solution is placed un-
der physiological conditions. Other colligative properties of a
solution such as freezing-point depression, boiling-point ele-
vation, vapor-pressure depression, etc. can be directly ob-
tained by observing changes of temperature and/or pressure,
etc. These solution properties depend on the total number of
ionic and neutral species in the solution in the same way as
the osmotic pressure, and the molecular particle concentra-
tion is defined as the osmotic concentration. The osmotic
concentration can be defined in two ways, one being mass-
based concentration (osmolality, mol/kg) and the other,
volume-based concentration (osmolarity, mol/L). In prac-
tice, the latter is more convenient.

Unless otherwise specified, the freezing-point depression
method is used for measuring the osmotic concentration. The
method is based on the linear dependency of the freezing-
point depression A T (°C) upon the osmolality m (mol/kg), as
expressed in the following equation,
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AT = K-m

In this equation, K is the molal freezing-point depression
constant, and it is known to be 1.86°C kg/mol for water.
Since the constant K is defined on the basis of molarity, the
molar osmotic concentration can be obtained from the above
equation. In the dilute osmotic concentration range, os-
molality m (mol/kg) can be assumed to be numerically equal
to osmolarity ¢ (mol/L). Thus, the conventional osmolarity
(mol/L) and the unit of osmole (Osm) are adopted in this test
method. One Osm means that the Avogadro number (6.022
% 1023/mol) of species is contained in 1 L of solution. Usually
the osmotic concentration is expressed as the submultiple mil-
liosmole (mOsm, mosmol/L) in the Pharmacopoeia.

Apparatus

Usually, the osmotic concentration of a solution can be ob-
tained by measuring the extent of the freezing-point depres-
sion. The apparatus (osmometer) is composed of a sample
cell for a fixed volume of sample solution and a cell holder, a
cooling unit and bath with a temperature regulator, and a
thermistor for detecting temperature.

Procedure

A fixed volume of the test solution is introduced into the
sample cell, as indicated for the individual apparatus.

The apparatus must first be calibrated by the two-point
calibration method by using osmolal standard solutions. For
the calibration, select two different standard solutions just
covering the expected osmolar concentration of a sample so-
lution. Other than the indicated osmolal standard solutions
in the Table below, water can also be used as a standard solu-
tion (0 mOsm) for measuring low osmolar sample solutions
(0 - 100 mOsm). Next, after washing the sample cell and the
thermistor as indicated for the individual apparatus, measure
the degree of the freezing-point depression caused by a sam-
ple solution. Using the above-mentioned relation of osmolar
concentration m and A7, the osmolarity of a sample solution
can be obtained, and it is assumed to be numerically equal to
the osmolarity.

In the case of higher osmolar solutions over 1000 mOsm,
dilute the sample by adding distilled water and prepare n
times diluted sample solution (1 in #). Measure the osmolari-
ty of the diluted solution, as described above. In this case, it
is necessary to state that the calculated osmolarity for the
sample (see below) is an apparent osmolarity obtained by the
dilution method. When the dilution method is applied, the di-
lution number should be selected so that the expected os-
molarity is nearly equal to that of physiological saline solu-
tion.

In the case of solid samples, such as freeze-dried medi-
cines, prepare a sample solution by dissolving the solid using
the indicated solution for dissolution.

Suitability of the apparatus

After the calibration of the apparatus, a suitability test
must be done by repeating the measurement of osmolarity for
one of the standard solutions not less than 6 times. In per-
forming the test, it is advisable that the osmolarity of a sam-
ple solution and the selected standard solution are similar to
each other. In this test, the repeatability of measured values
and the deviation of the average from the indicated value
should be less than 2.0% and 3.0%, respectively. When the
requirement is not met, calibrate the apparatus again by the
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two-point calibration method, and repeat the test.

Preparation of the osmolar standard solutions

Weigh exactly an amount indicated in Table 2.47-1 of sodi-
um chloride (standard reagent), previously dried between 500
°C and 650°C for 40 to 50 minutes and allowed to cool in a
desiccator (silica gel). Dissolve the weighed sodium chloride
in exactly 100 g of water to make the corresponding osmolar
standard solution.

Table 2.47-1
Standard solution for osmometer Amount of
calibration (milliosmoles) sodium chloride (g)
100 0.309
200 0.626
300 0.946
400 1.270
500 1.593
700 2.238
1000 3.223

Osmolar ratio
In this test method the osmolar ratio is defined as the ratio
of osmolarity of a sample solution to that of the isotonic so-
dium chloride solution. The ratio can be used as a measure of
isotonicity of sample solution. Since the osmolarity of the
isotonic sodium chloride solution (NaCl 0.900 g/100 mL) cg
(mOsm) is assumed to be constant (286 mOsm), the osmolar
ratio of a sample solution, of which the osmolarity is cr
(mOsm), can be calculated by means of the following equa-
tion,
. ct
Osmolar ratio = ——
Cs
cg: 286 mOsm
When the measurement is done by the dilution method, be-
cause the sample has an osmolarity over 1000 mOsm, the ap-
parent osmolarity of the sample solution ¢y can be calculated
as n-c¢’t=cr, in which 7 is the dilution number and ¢’ is the
measured osmolarity for the diluted solution. In this calcula-
tion, a linear relation between osmolarity and solute concen-
tration is assumed. Thus when the dilution measurement is
performed, the dilution number must be stated as (1 in n).

2.48 Water Determination
(Karl Fischer Method)

Water Determination is a method to determine water con-
tent in sample materials, utilizing the fact that water reacts
with iodine and sulfur dioxide quantitatively in the presence
of a lower alcohol such as methanol, and an organic base
such as pyridine. The reaction proceeds in the manner shown
in the following equation:

I, + SO, + 3CsH;N + CH;0H + H,0
- 2(C5H5N+H)17 + (C5H5N+H)7OSOZOCH3

In this measurement there are two methods different in io-
dine-providing principle: one is the volumetric titration
method and the other, the coulometric titration method. In
the former, iodine is previously dissolved in a reagent for
water determination, and water content is determined by
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measuring the amount of iodine consumed as a result of reac-
tion with water. In the latter, iodine is produced by electroly-
sis of Karl Fisher reagent containing iodide ion. Based on the
quantitative reaction of the generated iodine with water, the
water content in a sample specimen can be determined by
measuring the quantity of electricity which is required for the
production of iodine during the titration.

217 - I,+2e”

1. Volumetric titration
Apparatus

Generally, the apparatus consists of automatic burettes, a
titration flask, a stirrer, and equipment for amperometric
titration at constant voltage or potentiometric titration at
constant current.

The Karl Fischer TS is extremely hygroscopic, so the ap-
paratus should be designed to be protected from atmospheric
moisture. Desiccants such as silica gel or calcium chloride for
water determination are used for moisture protection.

Reagents

(1) Chloroform for water determination—To 1000 mL of
chloroform add 30 g of synthetic zeolite for drying, stopper
tightly, allow to stand for about 8 hours with occasional gen-
tle shaking, then allow to stand for about 16 hours, and col-
lect the clear layer of chloroform. Preserve the chloroform,
protecting it from moisture. The water content of this chlo-
roform should not be more than 0.1 mg per mL.

(2) Methanol for water determination—To 1000 mL of
methanol add 30 g of synthetic zeolite for drying, stopper
tightly, allow to stand for about 8 hours with occasional gen-
tle shaking, then allow to stand for about 16 hours, and col-
lect the clear layer of methanol. Preserve the methanol, pro-
tecting it from moisture. The water content of this methanol
should not be more than 0.1 mg per mL.

(3) Propylene carbonate for water determination—To
1000 mL of propylene carbonate add 30 g of synthetic zeolite
for drying, stopper tightly, allow to stand for about 8 hours
with occasional gentle shaking, then allow to stand for about
16 hours, and collect the clear propylene carbonate layer.
Preserve this protecting from moisture. The water content
should not be more than 0.3 mg per mL.

(4) Diethylene glycol monoethyl ether for water deter-
mination—To 1000 mL of diethylene glycol monoethyl ether
add 30 g of synthetic zeolite for drying, stopper tightly, allow
to stand for about 8 hours with occasional gentle shaking,
then allow to stand for about 16 hours, and collect the clear
layer of diethylene glycol monoethyl ether. Preserve the
diethylene glycol monoethyl ether, protecting it from
moisture. The water content of this diethylene glycol
monoethyl ether should not be more than 0.3 mg per mL.

(5) Pyridine for water determination—Add potassium
hydroxide or barium oxide to pyridine, stopper tightly, and
allow to stand for several days. Distill and preserve the puri-
fied and dried pyridine, protecting it from moisture. The
water content of this pyridine should not be more than 1 mg
per mL.

(6) Imidazole for water determination—Use imidazole
for thin-layer chromatography, of which the water content
should not be more than 1 mg per g.

(7) 2-Methylaminopyridine for water determination—
Distill and preserve 2-methylaminopyridine, protecting it
from moisture. The water content of this 2-methylaminopyri-
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dine should not be more than 1 mg per mL.

Preparation of test solutions and standard solutions

(1) Karl Fischer TS for water determination

Prepare according to the following method (i), (ii) or (iii).

(i) Preparation 1

Dissolve 63 g of iodine in 100 mL of pyridine for water de-
termination, cool the solution in ice bath, and pass dried sul-
fur dioxide gas through this solution until the mass increase
of the solution reaches 32 g. Then make up to 500 mL by
adding chloroform for water determination or methanol for
water determination, and allow to stand for more than 24
hours before use.

(i) Preparation 2

Dissolve 102 g of imidazole for water determination in 350
mL of diethylene glycol monoethyl ether for water determi-
nation, cool the solution in ice bath, and pass dried sulfur di-
oxide gas through this solution until the mass increase of the
solution reaches 64 g, keeping the temperature between 25°C
and 30°C. Then dissolve 50 g of iodine in this solution, and
allow to stand for more than 24 hours before use.

(iii) Preparation 3

Pass dried sulfur dioxide gas through 220 mL of propylene
carbonate until the mass increase of the solvent reaches 32 g.
To this solution, cooled in ice bath, add 180 mL of propylene
carbonate or diethylene glycol monoethyl ether for water de-
termination, in which 81 g of 2-methylaminopyridine for
water determination is dissolved. Then dissolve 36 g of iodine
in this solution, and allow to stand for more than 24 hours
before use.

The Karl Fischer TS, prepared by any one of the methods
described above, must be standardized before every use, be-
cause its activity for water determination changes with the
lapse of time. Further preserve the TS in a cold place, pro-
tecting it from light and moisture.

Standardization—According to the procedure described
below, take a suitable quantity of methanol for water deter-
mination in a dried titration flask, and titrate the solvent with
a Karl Fischer TS to make the content of the flask anhydrous.
Then, add quickly about 30 mg of water weighed accurately
to the solution in the flask, and titrate the water dissolved in
the solvent with a Karl Fischer TS to the end point, under
vigorous stirring. Calculate the water equivalence factor,
f(mg/mL), corresponding to the amount of water (H,O) in
mg per 1 mL of the test solution by using the following equa-
tion:

Amount of water (H,O) (mg)

Volume of Karl Fischer TS consumed
for titration of water (H,O) (mL)

f(mg/mL)=

(2) Standard water-methanol solution
Preparation—Take 500 mL of methanol for water deter-
mination in a dried 1000-mL volumetric flask, add 2.0 mL of
water, and adjust with the methanol to make 1000 mL.
Perform the standardization of this solution, followed by
the procedure for Karl Fischer TS. Preserve it in a cool place,
protecting it from light and moisture.
Standardization—According to the procedure described
below, take a suitable quantity of methanol for water deter-
mination in a dried titration flask, and titrate the water con-
taminated with Karl Fischer TS to make the content of the
flask anhydrous. Then, add exactly 10 mL of Karl Fischer TS
to this solution in the flask, and titrate it with the prepared
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standard water-methanol solution to the end point. Calculate
the water concentration in the standard water-methanol solu-
tion, f'(mg/mL), by using the following equation:

f(mg/mL) x 10 (mL)

Volume of the standard water-methanol
solution consumed for titration (mL)

f'(mg/mL)=

Procedure

As a rule, the titration of water with a Karl Fischer TS
should be performed at the same temperature as that at which
the standardization was done, with protection from
moisture. The apparatus is equipped with a variable resistor
in the circuit, and this resistor is manipulated so as to main-
tain a constant voltage (mV) between two platinum electrodes
immersed in the solution to be titrated. The variable current
(uA) can be measured (Amperometric titration at constant
voltage). During titration with Karl Fischer TS, the current in
the circuit varies noticeably, but returns to the original value
within several seconds. At the end of a titration, the current
stops changing and persists for a certain time (usually, longer
than 30 seconds). When this electric state has been attained, it
is designated as the end point of titration.

Otherwise, the manipulation of the resistor serves to pass a
definite current between two platinum electrodes. The varia-
ble potential (mV) can be measured (Potentiometric titration
at constant current). With the progress of titration of water
with a Karl Fischer TS, the value indicated by the potentiom-
eter in the circuit decreases suddenly from a polarization state
of several hundreds (mV) to the non-polarization state, but it
returns to the original value within several seconds. At the
end of titration, the non-polarization state persists for a cer-
tain time (usually, longer than 30 seconds). When this electric
state has been attained, it is designated as the end point of
titration.

In the case of back titration, when the amperometric titra-
tion method is used at constant voltage, the needle of
microammeter is out of scale during excessive presence of
Karl Fischer TS, and it returns rapidly to the original position
when the titration system has reached the end point. In the
case of the potentiometric titration method at constant cur-
rent in the back titration mode, the needle of the mil-
livoltmeter is at the original position during excessive
presence of Karl Fischer TS. Finally a definite voltage is indi-
cated when the titration system has reached the end point.

Unless otherwise specified, the titration of water with Karl
Fischer TS can be performed by either one of the following
methods. Usually, the end point of the titration can be ob-
served more clearly in the back titration method, compared
with the direct titration method.

(1) Direct titration

Unless otherwise specified, proceed by the following
method. Take a suitable quantity of methanol for water de-
termination in a dried titration flask, and titrate the water
contaminated with Karl Fischer TS to make the content of
the flask anhydrous. Take a quantity of sample specimen
containing 5 to 30 mg of water, transfer it quickly into the
titration flask, dissolve by stirring, and titrate the solution to
be examined with Karl Fischer TS to the end point under
vigorous stirring.

In the case of an insoluble sample specimen, powder the
sample quickly, weigh a suitable amount of the sample con-
taining 5 to 30 mg of water, and transfer it quickly into the
titration vessel, stir the mixture for 5 - 30 minutes, protecting
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it from moisture, and perform a titration under vigorous stir-
ring. Alternatively, in the case of a sample specimen which is
insoluble in the solvent for water determination or which in-
terfere with the Karl Fisher reaction, water in the sample can
be removed by heating under a stream of nitrogen gas, and
introduced into the titration vessel by using a water evapora-
tion technique.

Though the titration procedure should be performed under
atmospheric conditions at low humidity, if the effect of at-
mospheric moisture cannot be avoided, for instance, if a long
time is required for extraction and titration of water, a blank
test must be done under the same conditions as used for the
sample test, and the data must be corrected, accordingly.

Volume of Karl Fischer
TS consumed for X f(mg/mL)
titration (mL)

Water (H,0) % = X 100
ater (H;0) % Amount of sample (mg)

(2) Back titration

Unless otherwise specified, proceed by the following
method. Take a suitable quantity of methanol for water de-
termination in the dried titration vessel, and titrate the water
contaminated with Karl Fischer TS to make the content of
the flask anhydrous. Take a suitable quantity of sample speci-
men having 5 - 30 mg of water, transfer the sample quickly
into the titration vessel, dissolve it in the solution by stirring,
add an excessive and definite volume of Karl Fischer TS, and
then titrate the solution with the standard water-methanol so-
lution to the end point under vigorous stirring.

In the case of an insoluble sample specimen, powder the
sample quickly, weigh a suitable amount accurately, transfer
it quickly into the titration vessel, and add an excessive and
definite volume of Karl Fischer TS. After stirring for 5 - 30
minutes, with protection from moisture, perform the titra-
tion under vigorous stirring.

Water (H,0) % =

Fischer TS
added (mL)

Volume of Karl
{ ] X f(mg/mL)

methanol solution consumed

Volume of the standard water-
{for titration (mL)

} X f ’(mg/mL)]

x 100
Amount of sample (mg)

2. Coulometric titration
Apparatus

Usually, the apparatus is comprised of a titration flask
equipped with an electrolytic cell for iodine production, a
stirrer, and a potentiometric titration system at constant cur-
rent. The iodine production system is composed of an anode
and a cathode, separated by a diaphragm. The anode is im-
mersed in the anolyte solution for water determination and
the cathode is immersed in the catholyte solution for water
determination. Both electrodes are usually made of platinum-
mesh.

Because both the anolyte and the catholyte solutions for
water determination are strongly hygroscopic, the titration
system should be protected from atmospheric moisture. For
this purpose, silica gel or calcium chloride for water determi-
nation can be used.
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Preparation of anolyte and catholyte solutions for water
determination

Electrolytic solutions shall consist of an anolyte solution
and a catholyte solution, the preparations of which are
described below.

Preparation—Any of methods (1), (2), and (3) can be used
for the preparation of the electrolytes for coulometric titra-
tion.

(1) Preparation 1

Anolyte for water determination—Dissolve 102 g of imida-
zole for water determination in 900 mL of methanol for
water determination, cool the solution in ice bath, and pass
dried sulfur dioxide gas through the solution, which is kept
below 30°C. When the mass increase of the solution has
reached 64 g, the gas flow is stopped and 12 g of iodine is dis-
solved by stirring. Then drop a suitable amount of water into
the solution until the color of liquid is changed from brown
to yellow, and add methanol for water determination to
make up 1000 mL.

Catholyte for water determination—Dissolve 24 g of
diethanolamine hydrochloride in 100 mL of methanol for
water determination.

(2) Preparation 2

Anolyte for water determination—Dissolve 40 g of 1,3-
di(4-pyridyl)propane and 30 g of diethanolamine in about
200 mL of methanol for water determination, and pass dried
sulfur dioxide gas through the solution. When the mass in-
crease of the solution has reached 25 g, the gas flow is
stopped. Add 50 mL of propylene carbonate, and dissolve 6 g
of iodine in the solution. Then make up the solution to 500
mL by addition of methanol for water determination and
drop in a suitable amount of water until the color of liquid is
changed from brown to yellow.

Catholyte for water determination—Dissolve 30 g of cho-
line hydrochloride into methanol for water determination
and adjust the volume to 100 mL by adding the methanol.

(3) Preparation 3

Anolyte for water determination—Dissolve 100g of
diethanolamine in 900 mL of methanol for water determina-
tion or a mixture of methanol and chloroform for water de-
termination(3 : 1), and pass dried sulfur dioxide gas through
the solution. When the mass increase of the solution has
reached 64 g, the gas flow is stopped. Dissolve 20 g of iodine
in the solution, and drop in a suitable amount of water until
the color of liquid is changed from brown to yellow.

Catholyte for water determination—Dissolve 25 g of lithi-
um chloride in 1000 mL of a mixture of methanol for water
determination and nitromethane (4 : 1).

Procedure

Take a suitable volume of an anolyte for water determina-
tion in the titration vessel, immerse in this solution a pair of
platinum electrodes for potentiometric titration at constant
current. Then immerse the iodine production system filled
with a catholyte for water determination in the anolyte solu-
tion. Switch on the electrolytic system and make the content
of the titration vessel anhydrous. Next take an accurately
weighed amount of a sample specimen containing 0.2 - 5 mg
of water, add it quickly to the vessel, dissolve by stirring, and
perform the titration to the end point under vigorous stirring.

When a sample specimen cannot be dissolved in the ano-
Iyte, powder it quickly, and add an accurately weighed
amount of the sample estimated to contain 0.2 - 5 mg of
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water to the vessel. After stirring the mixture for 5-30
minutes, with protection from atmospheric moisture, per-
form the titration under vigorous stirring. Alternatively, in
the case of an insoluble solid or a sample containing a com-
ponent which interferes with the Karl Fisher reaction, water
in the sample can be removed by heating, and carried by a
nitrogen gas flow into the titration vessel, by using a water
evaporation technique.

Determine the quantity of electricity (C) [ = electric current
(A) X time (s)] required for the production of iodine during
the titration, and calculate the water content (%) in the sam-
ple specimen by use of the following equation.

Though the titration procedure should be performed under
atmospheric conditions at low humidity, if the effect of at-
mospheric moisture cannot be avoided, for instance, if a long
time is required for extraction and titration of water, a blank
test must be done under the same conditions as used for the
sample test, and the data must be corrected, accordingly.

Quantity of electricity required

for iodine production (C)
Water (H,0) % = x 100
ater (F20) %=~ 25 (C/me)

X Amount of sample (mg)

10.72: quantity of electricity corresponding to 1 mg of
water (C/mg)

2.49 Optical Rotation
Determination

Optical Rotation Determination is a method for the meas-
urement of the angular rotation of the sample using a
polarimeter.

Generally, the vibrations of light take place on planes per-
pendicular to the direction of the beam. In the case of ordina-
ry light, the directions of the planes are unrestricted. In the
case of plane polarized light, commonly designated as pola-
rized light, however, the vibrations take place on only one
plane that includes the direction of the beam (plane of polari-
zation). Some drugs in the solid state or in solution have the
property of rotating the plane of the polarized light either to
the right or to the left. This property is referred to as optical
activity or optical rotation, and is inherently related to the
chemical constitution of the substance.

The extent of the rotation, expressed in degrees of rotation
of the angle of the plane of polarized light caused by the opti-
cally active substance or its solution, is measured with a
polarimeter. This value is proportional to the length of the
polarimeter tube, and is related to the concentration of the
solution, the temperature and the wavelength. The character
of the rotation is indicated by placing a plus sign (+) for that
which rotates the plane of the polarized light to the right,
when facing the direction of the beam, referred to as dex-
trorotatory, or a minus sign (—) for that which rotates the
plane to the left, referred to as levorotatory, before the num-
ber indicating the degrees of rotation, as like as +20°, mean-
ing 20° to the right, or —20°, meaning 20° to the left.

The angular rotation « is that which is measured with
specific monochromatic light of x (described in terms of the
wavelength or the name) at a temperature of #°C. Usually the
measurement is performed at 20°C, with a polarimeter tube
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of 100 mm in length, and with the D line of sodium as the
light source.

The specific rotation is represented by the following equa-
tion:

100 «
lc

[o]l=

t: The temperature of measurement.

x: The wavelength or the name of the specific monochro-
matic light of the spectrum used (in the case of the D
line, described as D).

o: The angle, in degrees, of rotation of the plane of the
polarized light.

[: The thickness of the layer of sample solution, i.e., the
length of the polarimeter tube (mm).

c: For the purpose of the Japanese Pharmacopoeia, the
number of grams of a drug present in 1 mL of the solu-
tion. When an intact liquid drug is used for determina-
tion, not in solution, c represents the density. However,
unless otherwise specified, the specific gravity is used in-
stead of the density.

The description, for example, “[]%: —33.0 - —36.0° (af-
ter drying, 1 g, water, 20 mL, 100 mm),”” in a monograph,
indicates that the [01]1230 is between —33.0° and —36.0° in the
determination in which the substance is dried under the con-
ditions described in the test for Loss on Drying, and about 1 g
of the substance is accurately weighed, and dissolved by add-
ing water to make exactly 20 mL, then the solution is meas-
ured with a polarimeter tube 100 mm in length.

2.50 Endpoint Detection Methods
in Titrimetry

Titrimetry is a method or a procedure for volumetric anal-
ysis, which is usually classified into acid-base titration (neu-
tralization titration or pH titration), precipitation titration,
complexation titration, oxidation-reduction titration, etc.,
according to the kind of reaction or the nature of the
phenomenon occurring between the titrate and the titrant
(standard solution for volumetric analysis). Furthermore,
titration performed in a nonaqueous solvent is generally
called nonaqueous titration, which is frequently used for
volumetric analysis of weak acids, weak bases, and their
salts. The endpoint in titrimetry can be detected by color
changes of indicators and/or by changes of electrical signals
such as electrical potential or electrical current.

The indicator method is one of the endpoint detection
methods in titrimetry. In this method the color of an indica-
tor dye, dissolved in the titrate, changes dramatically in the
vicinity of the equivalence point due to its physico-chemical
character, and this property is used for visual endpoint detec-
tion. Selection of an indicator and specification of the color
change induced in the respective titration system, should be
described in the individual monograph. An appropriate indi-
cator should change color clearly, in response to a slight
change in physico-chemical properties of the titrate, such as
pH, etc., in the vicinity of the equivalence point.

Regarding the electrical endpoint detection methods, there
are an electrical potential method and an electrical current
method, which are called potentiometric and amperometric
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titration methods, respectively. They are generically named
electrometric titration. In the potentiometric titration
method, the endpoint of a titration is usually determined to
be the point at which the differential potential change
becomes maximum or minimum as a function of the quantity
of titrant added. In the amperometric titration method, un-
less otherwise specified, a bi-amperometric titration method
is used, and the endpoint is determined by following the
change of microcurrent during the course of a titration. Fur-
thermore, the quantity of electricity (electrical current X time)
is often used as another electrochemical signal to follow a
chemical reaction, as described in Coulometric Titration un-
der Water Determination <2.48>.

The composition of a titration system, such as amount of
specimen, solvent, standard solution for volumetric analysis,
endpoint detection method, equivalent amount of substance
to be examined (mg)/standard solution (mL), should be spe-
cified in the individual monograph. Standardization of the
standard solution and titration of a specimen are recom-
mended to be done at the same temperature. When there is a
marked difference in the temperatures at which the former
and the latter are performed, it is necessary to make an ap-
propriate correction for the volume change of the standard
solution due to the temperature difference.

Indicator Method

Weigh an amount of a specimen in a flask or a suitable ves-
sel as directed in the monograph or in ‘‘Standard Solutions
for Volumetric Analysis’’, and add a specified quantity of
solvent to dissolve the specimen. After adding a defined indi-
cator to the solution to prepare the titrate, titrate by adding a
standard solution for volumetric analysis by using a buret. In
the vicinity of the endpoint, observe the color change induced
by the cautious addition of 0.1 mL or less of the titrant. Cal-
culate the quantity of titrant added from the readings on the
scale of the buret used for the titration at the starting point
and at the endpoint at which the specified color change ap-
pears, as directed in the individual monograph or in the
““Standard Solutions for Volumetric Analysis’’. Although
addition of the volumetric standard solution by buret is
usually done manually, an automatic buret can also be used.

Unless otherwise specified, perform a blank determination
according to the following method, and make any necessary
correction.

Measure a specified quantity of solvent, as directed in the
monograph or in the “Standard Solutions for Volumetric
Analysis”’, and titrate as directed. The required quantity of
the standard solution added to reach a specified color change,
is assumed to be the blank quantity for the titration system.
However, when the blank quantity is too small to evaluate ac-
curately, the quantity can be assumed to be zero.

Electrical Endpoint Detection Methods
1. Potentiometric titration

(1) Apparatus

The apparatus consists of a beaker to contain the speci-
men, a buret for adding a standard solution, an indicator
electrode and a reference electrode, a potentiometer for
measuring potential difference between the electrodes or an
adequate pH meter, a recorder, and a stirrer for gentle stir-
ring of the solution to be examined. Separately, an automatic
titration apparatus assembled from suitable units and/or
parts, including a data processing system, can also be used.

In this titration method, unless otherwise specified, indica-
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tor electrodes designated in Table 2.50-1 are used according
to the kind of titration. As a reference electrode, usually a sil-
ver-silver chloride electrode is used. Besides the single indica-
tor electrodes as seen in Table 2.50-1, a combined reference
electrode and indicator electrode can also be used.

Table 2.50-1 Kind of Titration and Indicator Electrode

Kind of titration

Indicator electrode

Acid-base titration
(Neutralization titra-
tion, pH titration)

Precipitation titration
(Titration of halogen
ion by silver nitrate)

Oxidation-reduction titra-
tion
(Diazo titration, etc.)
Complexation titration
(Chelometric titration)
Nonaqueous titration

Glass electrode

Silver electrode. A silver-
silver chloride electrode
is used as a reference
electrode, which is con-
nected with the titrate
by a salt bridge of satu-
rated potassium nitrate
solution.

Platinum electrode

Mercury-mercury chloride
(IT) electrode
Glass electrode

(Perchloric acid titra-
tion, Tetramethylam-
monium hydroxide
titration)

When the potentiometric titration is carried out by the pH
measurement method, the pH meter should be adjusted ac-
cording to the pH Determination <2.54>.

(2) Procedure

Weigh a defined amount of a specimen in a beaker, and
add an indicated quantity of solvent to dissolve the specimen,
as directed in the monograph. After the potential difference £
(mV) or the pH value of the solvent to be used for titration
has reached a stable value, immerse both reference and indi-
cator electrodes, which have previously been washed with the
solvent being used, in the solution to be examined, and titrate
with a standard solution for volumetric analysis with gentle
stirring of the solution. During the titration, the tip of the
buret should be dipped into the solution, to be examined. The
endpoint of titration is determined by following the variation
of the potential difference between two electrodes as a func-
tion of the quantity of titrant added. In the vicinity of the en-
dpoint, the amounts of a titrant added should be 0.1 mL or
less for adequate titrimetry. Plot the obtained potential
values along the ordinate and the quantity of a titrant added
V (mL) along the abscissa to draw a titration curve, and ob-
tain the endpoint from the maximum or the minimum value
of AE/AV or from the value of electromotive force or pH
corresponding to the equivalence point.

Unless otherwise specified, the decision of the endpoint in
this method is usually made by either of the following
methods.

(i) Drawing method

Usually, draw two parallel tangent lines with a slope of
about 45° to the obtained titration curve. Next, draw a 3rd
parallel line at the same distance from the previously drawn
two parallel lines, and decide the intersection point of this
line with the titration curve. Further, from the intersection
point, draw a vertical line to the abscissa, and read the quan-
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tity of titrant added as the endpoint of the titration.

Separately, the endpoint of the titration can also be
otained from the maximum or the minimum of the differen-
tial titration curve (AE/AV vs. V).

(i) Automatic detection method

In the case of potentiometric titration using an automatic
titiration system, the endpoint can be determined by follow-
ing the respective instrumental indications. The endpoint is
decided either by following the variation of the differential
potential change or the absolute potential difference as a
function of the quantity of titrant added: in the former case
the quantity given by the maximum or the minimum of the
differential values, and in the latter the quantity given by the
indicator reaching the endpoint potential previously set for
the individual titration system, are assumed to be the en-
dpoint volumes, respectively.

2. Amperometric titration

(1) Apparatus

The apparatus consists of a beaker for holding a specimen,
a buret for adding a standard solution for volumetric analy-
sis, two small platinum plates or wires of the same shape as
the indicator electrode, a device to load direct current
microvoltage between two electrodes, a microammeter to
measure the indicator current between the two electrodes, a
recorder, and a stirrer which can gently stir the solution in a
beaker. Separately, an automatic titration apparatus assem-
bled from suitable units and/or parts, including a data
processing system, can also be used.

(2) Procedure

Weigh a defined amount of a specimen in a beaker, and
add an indicated quantity of solvent to dissolve the specimen,
as directed in the individual monograph. Next, after washing
the two indicator electrodes with water, immerse both elec-
trodes in the solution to be examined, apply a constant vol-
tage suitable for measurement across two electrodes by using
an appropriate device, and titrate the solution with a stan-
dard solution for volumetric analysis. During the titration,
the tip of the buret should be dipped into the solution to be
examined. The endpoint of titration is determined by follow-
ing the changes of microcurrent between the two electrodes as
a function of the quantity of titrant added. In the vicinity of
the endpoint, the amounts of the titrant added should be 0.1
mL or less for adequate titrimetry. Plot the obtained current
values along the ordinate and the quantity of the titrant ad-
ded V (mL) along the abscissa to draw a titration curve, and
usually take the inflection point of the titration curve (the
point of intersection given by the extrapolation of two
straight lines before and after the inflection) as the endpoint
in amperometric titration.

The blank test in this titration is usually performed as fol-
lows: Take a volume of the solvent specified in the individual
monograph or in the ‘‘Standard Solution for Volumetric
Analysis’’, and use this as the sample solution. Determine the
amount of the volumetric standard solution needed for giving
the endpoint, and use this volume as the blank. If this volume
is too small to determine accurately, the blank may be consi-
dered as 0 (mL).

Unless otherwise specified, the endpoint in this titration is
decided by either of the following methods.

(i) Drawing method

Usually, extrapolate the two straight lines before and after
the inflection, and obtain the inflection point of the titration
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curve. Next, read the quantity of titrant added at the inflec-
tion point, and assume this point to be the endpoint.

(ii) Automatic detection method

In the case of amperometric titration using an automatic
titration system, the endpoint can be determined by following
the instrumental indications. The endpoint is decided by fol-
lowing the variation of the indicator current during the
course of a titration, and the quantity of titrant added is as-
sumed to be that at which the current has reached the en-
dpoint current set previously for the individual titration sys-
tem.

When atmospheric carbon dioxide or oxygen is expected to
influence the titration, a beaker with a lid should be used, and
the procedure should be carried out in a stream of an inert
gas, such as nitrogen gas. Further, when a specimen is expect-
ed to be influenced by light, use a light-resistant container to
avoid exposure of the specimen to direct sunlight.

2.51 Conductivity Measurement

Conductivity Measurement is a method for the measuring
the flowability of electric current in an aqueous solution. The
measurement is made with a conductivity meter or a resistiv-
ity meter, and is used, for example, in the purity tests in
monographs. The method is applied to evaluate the test item
““Conductivity (Electrical Conductivity)’’ specified in the
monographs. Further it is also used for monitoring the quali-
ty of water in the preparation of highly purified water.
However, when applying this method for monitoring the
quality of water, the details of measurement should be speci-
fied by the user, based on the principles described here.

Conductivity of a solution x(S-m~!) is defined as the
reciprocal of resistivity p(Q-m), which is an indicator of the
strength of ionic conductivity for a fluid conductor. Resistiv-
ity is defined as the product of electrical resistance per unit
length and cross-sectional area of a conductor. When resistiv-
ity is p, cross-section area 4 (m?), and length / (m), resistance
R (Q) can be expressed by the following equation.

R=p(/A)
Thus, conductivity x is expressed as follows,
k=1/p=(1/R)(/A)

If I/A is known, the conductivity x¥ can be obtained by
measuring resistance R or conductance G (= R 1).

In the International System (SI), the unit of conductivity is
the Siemens per meter (S-m~1). In practice, conductivity of a
solution is generally expressed by uS-cm ™!, and resistivity by
Q-cm.

Unless otherwise specified, the reference temperature for
the expression of conductivity or resistivity is 20°C.

Apparatus

A conductivity meter or a resistivity meter is composed of
an indicator part (operating panel, display, recording unit)
and a detector part, the latter of which includes a conductivi-
ty cell. In the conductivity cell a pair of platinum electrodes is
embedded. The cell is immersed in a solution, and the
resistance or the resistivity of the liquid column between the
electrodes is measured. Alternating current is supplied to this
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apparatus to avoid the effects of electrode polarization. Fur-
ther, a temperature compensation system is generally con-
tained in the apparatus.

Conductivity measurement is generally performed by using
an immersion-type cell. A pair of platinum electrodes, the
surfaces of which are coated with platinum black, is fixed in
parallel. Both electrodes are generally protected by a glass
tube to prevent physical shocks.

When the surface area of the electrode is A (cm?), and the
separation distance of the two electrodes is / (cm), the cell
constant C (cm~!) is given by the following equation.

C=qa-(l/A)

« is a dimensionless numerical coefficient, and it is character-
istic of the cell design.

In addition to the immersion-type cell, there are flow-
through-type and insert-in-pipe-type cells. These cells are set
or inserted in an appropriate position in the flow system for
monitoring the quality of water continuously or intermittent-
ly, during the preparation of highly purified water.

Standard Solution of Potassium Chloride

After pulverizing an appropriate amount of potassium
chloride for conductivity measurement, dry it at 500 - 600°C
for 4 hours. Take an indicated amount of the dried potassi-
um chloride, as shown in Table 2.51-1, dissolve it in distilled
or purified water (conductivity less than 2 uS-cm™1!), previ-
ously boiled and cooled, and adjust to make 1000.0 g, for
preparation of the standard solutions. The conductivity and
the resistivity of the respective standard solutions at 20°C are
indicated in Table 2.51-1. These standard solutions should be
kept in tightly closed polyethylene or hard glass bottles.

Table 2.51-1. Conductivity and Resistivity of the Standard
Solutions of Potassium Chloride at 20°C

Concentration Conductivity x Resistivity p
(Q-cm)

(g/1000.0 g) (uS-cm~F)
0.7455 1330 752
0.0746 133.0 7519
0.0149 26.6 37594

When measurement at 20°C can not be done, the indicated
value of conductivity for the respective standard solution
(Table 2.51-1), can be corrected by using the equation below.
However, the equation is valid only within the range of 20 +
5°C.

Kt= Kz()[l +0021(T_ 20)]

T: Measuring temperature specified in the monograph

Kx1: Calculated conductivity of the KCl standard solution
at 7°C

K. Conductivity of the KCI standard solution at 20°C

Operating Procedure

(1) Cell Constant

An appropriate conductivity cell should be chosen accord-
ing to the expected conductivity of the sample solution. The
higher the expected conductivity, the larger the cell constant
required for the conductivity cell, so that the electrical
resistance is within the measuring range of the apparatus
being used. Conductivity cells with a cell constant of the ord-
erof 0.1cm~!, 1cm~!, or 10 cm ™!, are generally used.

For determination or confirmation of the cell constant, an
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appropriate KCl standard solution should be chosen and pre-
pared, taking account of the expected conductivity of the
sample solution to be measured. Rinse the cell several times
with distilled water. Next, after rinsing the cell 2 - 3 times
with the standard solution used for the cell constant determi-
nation, immerse the cell in the standard solution contained in
a measuring vessel. After confirming that the temperature of
the standard solution is maintained at 20 £ 0.1°C or at the
temperature specified in the monograph, measure the
resistance R or the conductance Gk of the standard solu-
tion, and calculate the cell constant C (cm~!) by use of the
following equation.

C=Rgcr ka1 or  C=Kga/ Gka

Rgci: Measured resistance (MQ)

Gxci: Measured conductance (uS)

Kkxci: Conductivity of the standard solution being used
(uS-cm™Y)

The measured cell constant should be consistent with the
given value within 5%. If it is not consistent, coat the elec-
trodes with platinum black again, or replace the cell with a
new one.

(2) Suitability Test for the Apparatus

Using an appropriate KCI standard solution according to
the expected conductivity of the sample solution, perform the
suitability test for the apparatus. Rinse the conductivity cell
several times with distilled water, and rinse again 2 - 3 times
with the selected standard solution. Fill the standard solution
in the measuring vessel. After confirming that the tempera-
ture of the measuring system is maintained at 20 = 0.1°C,
measure the conductivity of the standard solution. When this
measuring procedure is repeated several times, the average
conductivity should be consistent with an indicated value in
Table 1 within 5%. Further, the relative standard deviation
should be less than 2%.

(3) Measurement

After confirmation of the suitability of the apparatus, per-
form the conductivity measurement for the sample solution.
Unless otherwise specified, the preparation method for sam-
ple solution should be as specified in the respective mono-
graph. Rinse the conductivity cell several times with distilled
water, and rinse again 2 - 3 times with sample solution. Im-
merse the cell in the sample solution placed in a measuring
vessel. If necessary, agitate gently the sample solution. After
confirming that the temperature of the sample solution is
maintained at 20 £ 0.1°C or at the temperature specified in
the monograph, measure the resistance Ry (MQ) or conduc-
tance Gt (uS) of the sample solution, and calculate the con-
ductivity xr by using the following equation.

Kt= CGT or Kr= C/RT

Items such as the sample preparation method, the necessity
of blank correction, the calculation method, the specification
value, and the measuring temperature should be described in
the monograph, if necessary.

2.52 Thermal Analysis

‘““Thermal Analysis’’ is a generic term for a variety of tech-
niques to measure the physical properties of a substance as a
function of temperature and/or time.
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Among the physical properties, phase transitions such as
solid/liquid phase transition (melting, freezing) and crystal
polymorphism or thermal behavior such as heat evolution or
absorption accompanying thermal degradation or chemical
reaction can be detected by the techniques of differential ther-
mal analysis (DTA) or differential scanning calorimetry
(DSC). DTA is a method for detecting the thermal behavior
of a specimen in terms of the temperature change, while DSC
employs the heat quantity (enthalpy) change. There is also a
method, thermogravimetry (TG), in which the mass change
of a specimen caused by dehydration, adsorption, elimina-
tion or oxidation etc., is detected as a function of tempera-
ture and/or time.

Among the above three different methods, TG can be used
as an alternative method for ‘“Loss on Drying <2.41> or
‘““Water Determination <2.48>”’. However, it must be con-
firmed beforehand that no volatile component except for
water is included in the test specimen when TG is used as an
alternative method for ‘““Water Determination”’.

Method 1 Differential Thermal Analysis (DTA) or Differen-
tial Scanning Calorimetry (DSC)

Apparatus Apparatus for DTA or DSC is usually com-
posed of a heating furnace, a temperature-controller, a detec-
tor, a device for controlling the atmosphere, and an indicator
/recorder.

Differential Thermal Analysis (DTA) In a DTA appara-
tus, a sample specimen and an inert reference material placed
in the heating furnace are heated or cooled at a constant rate,
and the temperature difference evolved between the sample
and reference material is detected continuously by a device
such as a thermocouple and recorded as a function of time
and/or temperature. As an inert reference material, o-Alumi-
na for thermal analysis is usually adopted.

Differential Scanning Calorimetry (DSC) Two kinds of
DSC apparatus, based upon different principles are available
as shown below.

1. Input compensation-type differential scanning calorimet-
ry (Input compensation DSC)

A sample specimen and the reference material in twin fur-
naces are programmed to be heated or cooled at a constant
rate, and the temperature difference between the sample and
the reference, which is detected by a device such as a plati-
num resistance thermometer, is kept at null by controlling the
heating unit with a compensation feed-back circuit. The
instrument is designed to measure and record continuously
the balance of thermal energy applied to each furnace as a
function of temperature and/or time.

2. Heat flux-type differential scanning calorimetry (Heat
flux DSC)

A sample specimen and the reference material in twin fur-
naces are programmed to be heated or cooled at a constant
rate, and the temperature difference between the sample and
the reference is detected as a difference of heat flux and
recorded as a function of temperature and/or time. In heat
flux DSC, thermal conductors are adopted so that the heat
flux between the sample and the heat reservoir is proportional
to the temperature difference between them.

In usual DSC analysis, o-Alumina is used as a reference
material, both in Input compensation DSC and in Heat flux
DSC. But in some cases, an empty sample container can also
be used without any reference material.
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Procedure

A sample specimen and the reference material are put in
sample pans, and the furnace is heated or cooled under a con-
trolled temperature program. As the temperature changes,
the temperature difference (DTA) or heat quantity change
(DSC) that develops between the specimen and the reference
is detected and recorded continuously. Apparatus equipped
with a data-processor is operated according to the instruction
manual provided with the instrument.

A preliminary experiment is needed to determine the ap-
propriate temperature range of measurement, within which a
predicted physical change such as melting or polymorphic
phase transition will occur, and to confirm that unpredicted
thermal changes are not induced in a specimen in that tem-
perature range. In this preliminary test, a wide temperature
range (room temperature-the temperature at which degrada-
tion begins) can be scanned at a rapid heating rate (10 - 20°C
/min). Thereafter, tests by DSC or DTA should be performed
at a low heating rate, usually 2°C/min, in the chosen temper-
ature range. However, when a clear heat change cannot be
observed, such as in a case of glass-transition, the heating
rate may be changed to a higher or a lower rate, as appropri-
ate for the kind of physical change being observed. By
analyzing the measured DTA-curve or DSC-curve, a quantity
of heat change and/or a specific temperature (ignition, peak
or end temperature) that accompanies a physical change,
such as melting or polymorphic phase transition, can be ob-
tained.

Calibration of the apparatus
1. Temperature calibration for DTA and DSC

Temperature calibration for DTA and/or DSC apparatus
can be performed by using reference substances having an in-
trinsic thermal property, such as melting point of pure metals
or organic substances, or phase transition point of crystalline
inorganic salts or oxides. Melting points of Indium for ther-
mal analysis and/or Tin for thermal analysis are usually em-
ployed for calibration.
2. Heat-quantity calibration for DSC

For accurate estimation of a quantity of heat change (en-
thalpic change) of a sample specimen, caused by a certain
physical change accompanying a temperature change, it is
necessary to calibrate the apparatus by using appropriate
reference substances. As indicated in the section of Tempera-
ture calibration, heat-quantity calibration for DSC apparatus
can be performed by using appropriate reference substances
having a known definite enthalpic change caused by such
physical changes as melting of pure metals and/or organic
substances, or phase transition of crystalline inorganic salts.
Melting points of Indium for thermal analysis and/or Tin for
thermal analysis are usually employed for calibration.

Notes on operating conditions

When DTA or DSC measurements are made, the following
items must be recorded: sample size, discrimination of open-
or closed-type sample container, heating or cooling rate,
measuring temperature range, and kind and flow rate of at-
mospheric gas.

Method 2 Thermogravimetry (TG)

Apparatus The construction of a TG apparatus is fun-
damentally similar to that of DTA or DSC apparatus.
However, the detector for TG is a balance, called a ther-
mobalance, which can be classified to hanging-, Roberval’s-,
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and horizontal-type balances. The TG apparatus is designed
to detect small mass changes of a specimen, placed at a fixed
position on a thermobalance, caused by temperature change
of the furnace under a controlled temperature program. Mass
change with time and/or temperature is recorded continuous-
ly.

Procedure

A specimen is put in a sample container, which is placed at
a fixed position of the thermobalance, then the heating fur-
nace is run under a controlled temperature program. During
this temperature change of the furnace, the mass change of a
specimen with time and/or temperature is recorded continu-
ously. Apparatus equipped with a data-processor is operated
according to the instruction manual provided with the instru-
ment.

When TG is used as an alternative method for ‘‘Loss on
Drying”’ or ‘“Water Determination’’, the measurement starts
at room temperature and ends at a temperature above which
no further mass change due to drying and/or vaporization of
water can be observed. The standard heating rate is usually
5°C/min, and a linear heating program is recommended.
However heating conditions (rate and time span) can be
changed as necessary, depending on the kind of specimen and
the extent of the measuring temperature range. Further, in
TG measurement, dry air or dry nitrogen is usually passed
through the heating furnace to ensure rapid elimination of
evolved water or other volatile components and to avoid the
occurrence of any chemical reaction, such as oxidation. By
analyzing the TG curve plotted against time and/or tempera-
ture, absolute mass change and/or relative mass change with
respect to the initial quantity(%) is obtained.

When the mass change caused by oxidation or degradation
of a specimen is measured, a specific temperature range has
to be determined beforehand so that stable baselines can be
obtained before and after a targetted chemical reaction. Sub-
sequent operating procedures are the same as described
above.

Calibration of the apparatus
1. Temperature calibration

The Curie temperature of a ferromagnetic substance such
as pure Nickel can be used for temperature calibration for
TG, based on the occurrence of an apparent mass change at
the Curie point. In the case of a TG apparatus capable of
simultaneously conducting DSC and DTA, the same refer-
ence substances as those for DTA and DSC can be adopted.
2. Scale calibration and confirmation

The scale calibration for TG must be done by using refer-
ence masses for chemical balances and/or semimicrobalances
in the appropriate range. This is called a primary scale
calibration, and is performed under ordinary temperature
and pressure when the apparatus is set up initially and period-
ically, thereafter.

In usual measurement by TG, scale calibration or confir-
mation is done by using Calcium Oxalate Monohydrate
Reference Standard to take account of such effects as
buoyancy and convection due to atmospheric gas flow in the
real measurement state. This is called secondary scale calibra-
tion, and is performed under the standard operation condi-
tions stated below by using the above-mentioned Reference
Standard, with a certified water content. When the difference
of water content between the measured value and the certified
one for the Reference Standard is less than 0.3%, normal



56 Viscosity Determination / General Tests

operation of the apparatus is confirmed. However, when the
difference is more than 0.3%, scale calibration for TG must
be done, based on the certified water content of the Reference
Standard.
The standard operation conditions are as follows,
Amount of Calcium Oxalate Monohydrate Reference
Standard: 0.01 g
Heating rate: 5°C/min
Temperature range: from room temperature to 250°C
Atmospheric gas: dried Nitrogen or dried Air
Flow rate of atmospheric gas,
hanging- or Roberval’s-type balance: 40 mL/min
horizontal-type balance: 100 mL/min

Notes on operating conditions

In TG measurement, the following operation conditions
must be recorded: sample size, heating rate, temperature
range, kind and flow rate of atmospheric gas, etc.

2.53 Viscosity Determination

Viscosity Determination is a method to determine the vis-
cosity of liquid samples using a viscometer.

When a liquid moves in a definite direction, and the liquid
velocity has a gradient with respect to the direction rectangu-
lar to that of flow, a force of internal friction is generated
along both sides of a hypothetical plane parallel to the move-
ment. This flow property of a liquid is expressed in terms of
viscosity. The internal friction per unit area on the parallel
plane is called slip stress or shear stress, and the velocity
gradient with respect to the direction rectangular to that of
flow is called slip velocity or shear velocity. A liquid of which
the slip velocity is proportional to its slip stress is called a
Newtonian liquid. The proportionality constant, #, is a
characteristic of a liquid at a certain temperature and is called
viscosity. The viscosity is expressed in the unit of Pascal se-
cond (Pa-s), and usually milli-Pascal second (mPa-s).

A liquid whose slip velocity is not proportional to its slip
stress is called a non-Newtonian liquid. Since the viscosity for
a sample of a non-Newtonian liquid changes with its slip
velocity, the viscosity measured at a certain slip velocity is
called an apparent viscosity. In that case, the value of slip
stress divided by the corresponding slip velocity is called an
apparent viscosity. Thus, the relationship between apparent
viscosity and slip velocity will permit characterization of the
flow properties of a given non-Newtonian liquid.

The value of the viscosity, 7, divided by the density, p, at
the same temperature is defined as a kinematic viscosity, v,
which is expressed in the unit of meters squared per second
(m?/s), and usually millimeters squared per second (mm?/s).

The viscosity of a liquid is determined either by the follow-
ing Method I or Method II.

Method I Viscosity measurement by capillary tube viscome-
ter

For measuring the viscosity of a Newtonian liquid, a capil-
lary tube viscometer is usually used, in which the downflow-
ing time of a liquid, #(s), required for a definite volume of the
liquid to flow through a capillary tube is measured and the
kinematic viscosity, v, is calculated according to the follow-
ing equation.

v=Kt
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Further, the viscosity, #, is calculated from the next equa-
tion:

n=vp=Kip

where p (g/mL) is the density of the liquid measured at the
same temperature, ¢ (°C).

The parameter K (mm?/s?) represents the viscometer con-
stant and is previously determined by using the Standard Liq-
uids for Calibrating Viscometers with known kinematic vis-
cosity. In the case of a liquid having a similar viscosity to
water, water itself can be used as a reference standard liquid
for the calibration. The kinematic viscosity of water is
1.0038 mm?/s at 20°C. In the cases of liquids having a slight-
ly higher viscosity than water, the Standard Liquids
for Calibrating Viscometers should be used for the calibra-
tion.

The intrinsic viscosity, [7#] (dL/g), of a polymer solution is
obtained by plotting the relation of viscosity versus concen-
tration and extrapolating the obtained straight line to zero
concentration. Intrinsic viscosity shows the degree of molecu-
lar expansion of a polymer substance in a given solvent (sam-
ple solution) and is also a measure of the average molecular
mass of the polymer substance.

The downflowing time 7 (s) for a polymer solution, whose
concentration is ¢ (g/dL), and #, (s) for the solvent used for
dissolving the polymer, are measured by using the same vis-
cometer, and then the intrinsic viscosity of a given polymer
substance, [#], is calculated according to the following equa-
tion:

R Y n-t

[7]= lim or [n]= lim
c—>0 c->0 ¢
When the concentration dependency of {(¢/#,)— 1} /c is not
large, the value of {(¢/¢;) — 1} /c at a concentration directed in
the respective monograph can be assumed to be the intrinsic
viscosity for a given substance.
Unless otherwise specified, the viscosity of a sample solu-
tion is measured with the following apparatus and procedure.

Apparatus

For measurement of the kinematic viscosity in the range of
1 to 100,000 mm?/s, the Ubbelohde-type viscometer illustrat-
ed in Fig. 2.53-1 can be used. The approximate relations be-
tween kinematic viscosity range and inside diameter of the
capillary tube suitable for the measurement of various liquids
with different viscosity, are given in Table 2.53-1. Although a
capillary tube viscometer other than the Ubbelohde-type one
specified in Table 2.53-1 can also be used, a viscometer
should be selected in which the downflowing time, 7 (s), of a
sample solution to be determined would be between 200 s and
1000 s.

Procedure

Place a sample solution in a viscometer from the upper end
of tube 1, so that the meniscus of the solution is at a level be-
tween the two marked lines of bulb A. Place the viscometer
vertically in a thermostatted bath maintained at a specified
temperature within 0.1°C, until bulb C is fully immersed,
and let it stand for about 20 minutes to attain the specified
temperature. Close fube 3 with a finger and pull the sample
solution up to the middle part of bulb C by gentle suction
from the top of fube 2, taking care not to introduce any bub-
bles into tube 2, and stop the suction. Open the end of tube 3,
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Fig. 2.53-1 Capillary tube viscometer

and immediately close the end of fube 2. After confirming

Table 2.53-1 Specifications of the Ubbelohde-type
viscometer
Inner diameter | Volume of Measuring
Viscometer of capillary bulb B
range of
constant tube (mm) (mL) Kinematic
K Permissible Permissible . K
(mm2/s2) tolerance tolerance VISCOZS ity
+10% +10% (mm?/s)

0.005 0.46 3.0 1- 5
0.01 0.58 4.0 2 - 10
0.03 0.73 4.0 6- 30
0.05 0.88 4.0 10 - 50
0.1 1.03 4.0 20 - 100
0.3 1.36 4.0 60 - 300
0.5 1.55 4.0 100 - 500
1.0 1.83 4.0 200 - 1000
3.0 2.43 4.0 600 - 3000
5.0 2.75 4.0 1000 - 5000
10.0 3.27 4.0 2000 - 10,000
30.0 4.32 4.0 6000 - 30,000
50.0 5.20 5.0 10,000 - 50,000
100 6.25 5.0 20,000 - 100,000

that the liquid column is cut off at the lowest end of the capil-
lary tube, open the end of fube 2 to make the sample solution
flow down through the capillary tube. Record the time, 7 (s),
required for the meniscus of the sample solution to fall from
the upper to the lower marked line of bulb B.

Determine the viscometer constant K previously, using the
Standard Liquids for Calibrating Viscometers under the same
conditions. The temperature at which the calibration is con-
ducted must be identical with that specified in the mono-
graph.
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Fig. 2.53-2a Coaxial double cylinder-type
viscometer

rotational

Method II Viscosity measurement by rotational viscometer

A rotational viscometer is usually used for measuring the
viscosity of Newtonian or non-Newtonian liquids. The meas-
uring principle of a rotational viscometer generally consists in
the detection and determination of the force acting on a rotor
(torque), when it rotates at a constant angular velocity in a
liquid. The extent of torque generated by the rotation can be
detected in terms of the torsion of a spring and the liquid vis-
cosity is calculated from the scale-indicated value cor-
responding to the degree of torsion.

The viscosity of a sample solution is measured with the fol-
lowing apparatus and procedure.

Apparatus

Viscosity measurement is performed by using any one of
the following three types of rotational viscometers.

(1) Coaxial double cylinder-type rotational viscometer
(Couette type viscometer)

In the coaxial double cylinder-type rotational viscometer,
viscosity is determined by placing a liquid in the gap between
the inner and the outer cylinders, which share the same cen-
tral axis and rotate separately, and the generated torque act-
ing on one cylinder surface when the other cylinder is rotated,
and the corresponding angular velocity, are measured.

As shown in Fig. 2.53-2a, the inner cylinder is hung by a
wire whose twist constant is designated as k. In Fig. 2.53-2a,
half the outer diameter of the inner cylinder and inner di-
ameter of the outer cylinder are designated as R; and R,,
respectively, and the length of the inner cylinder immersed in
a liquid is designated as /. When a liquid is introduced into
the gap between the two cylinders, and the outer cylinder is
made to rotate at a constant angular velocity, w, the inner
cylinder is also forced to rotate due to the viscosity of the lig-
uid. Consequently, torque, T, is generated by the forced rota-
tion in a viscous liquid, and in the steady state the torque is
balanced by the torsion of the wire, as indicated by the degree
of rotation 6. Then, the relationship can be expressed by 7=
k6 and the viscosity of a liquid, #, is determined from the fol-
lowing equation by measuring the relationship between w
and 6. Conversely, viscosity measurement can also be per
formed by rotating the inner cylinder, and the same relation-
ship holds.

R? RS

100T 11
4rlw
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‘ torque T‘

Fig. 2.53-2b  Single cylinder-type rotational viscometer

n: viscosity of a liquid (mPa-s)

7: circumference/diameter ratio

[: length of the inner cylinder (cm)

w: angular velocity (rad/s)

T: torque acting on cylinder surface (10~7 N-m)
R;: 1/2 of outer diameter of the inner cylinder (cm)
R,: 1/2 of inner diameter of the outer cylinder (cm)

(2) Single cylinder-type rotational viscometer (Brookfield
type viscometer)

In the single cylinder-type rotational viscometer, viscosity
is determined by measuring the torque acting on the cylinder
surface when the cylinder immersed in a liquid is rotated at a
given angular velocity. Use an apparatus of the type illustrat-
ed in Fig. 2.53-2b. If the apparatus constant K is previously
determined experimentally by using the Standard Liquids for
Calibrating Viscometers, the viscosity of a liquid, #, can be
obtained from the following equation.

1=Ky
where, #: viscosity of a liquid (mPa-s)
Ky: apparatus constant of viscometer (rad/cm?3)
w: angular velocity (rad/s)
T: torque acting on cylinder surface (10~7 N-m)

(3) Cone-flat plate-type rotational viscometer (Cone-
plate type viscometer)

In the cone-flat plate-type rotational viscometer, viscosity
is determined by placing a liquid in the gap between a flat disc
and a cone with a large vertical angle sharing the same rota-
tional axis, and the torque and the corresponding angular
velocity are measured, when either the disc or the cone is ro-
tated in a viscous liquid.

As shown in Fig. 2.53-2c, a liquid is introduced to fill the
gap between a flat disc and a cone forming an angle «(rad).
When either the flat disc or the cone is rotated at a constant
angular velocity or a constant torque, the torque acting on
the disc or cone surface rotated by the viscous flow and the
corresponding angular velocity in the steady state, are meas-
ured. The viscosity of the liquid, #, can be calculated from
the following equation.
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Fig. 2.53-2¢ Cone-flat plate-type rotational viscometer
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: viscosity of a liquid (mPa-s)

: circumference/diameter ratio

: radius of cone (cm)

: angle between flat disc and cone (rad)

: angular velocity (rad/s)

: torque acting on flat disc or cone surface (10-7 N-
m)

~Ng R XA

Procedure

Set up the viscometer so that its rotational axis is perpen-
dicular to the horizontal plane. Place a sufficient quantity of
a sample solution in the viscometer, and allow the measuring
system to stand until a specified temperature is attained, as
directed in the monograph. Where it is desired to measure the
viscosity within a precision of 1%, measuring temperature
should be controlled within 0.1°C. Next, after confirming
that the sample solution is at the designated temperature,
start operating the rotational viscometer. After the forced ro-
tation induced by the viscous flow has reached a steady state
and the indicated value on the scale, which corresponds to the
rotational frequency or the torque, has become constant,
read the value on the scale. Then, calculate the viscosity # by
using the respective equation appropriate to the type of vis-
cometer being used. Determination or confirmation of the
apparatus constant should be conducted beforehand by using
the Standard Liquids for Calibrating Viscometers, and the
validation of the apparatus and operating procedure should
also be performed by using those standard liquids.

In the case of a non-Newtonian liquid, repeat the proce-
dure for measuring the viscosity of the liquid with variation
of the rotation velocity or torque from one measurement to
another. From a series of such viscosity measurements, the
relationship between the slip velocity and the slip stress of a
non-Newtonian liquid, i.e., the flow characteristics of a non-
Newtonian liquid, can be obtained.

Calibration of a rotational viscometer is conducted by us-
ing water and the Standard Liquids for Calibrating Viscome-
ters. These standard liquids are used for the determination or
confirmation of the apparatus constant of the rotational vis-
cometer. They are also used for periodic recalibration of the
viscometer to confirm maintenance of a specified precision.
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2.54 pH Determination

pH is defined as the reciprocal of the common logarithm of
hydrogen ion activity, which is the product of hydrogen ion
concentration and the activity coefficient. Conventionally it is
used as a scale of hydrogen ion concentration of a sample so-
lution.

pH of a sample solution is expressed by the following equa-
tion in relation to the pH of a standard solution (pHs), and
can be measured by a pH meter using a glass electrode.

E-E,

PH=pHs+ & 6 RT/F

pHs: pH value of a pH standard solution.

E: Electromotive force (volt) induced on the following gal-
vanic cell composed of a glass electrode and suitable
reference electrode in a sample solution:

Glass electrode| sample solution|reference electrode

E,: Electromotive force (volt) induced on the following
galvanic cell composed of a glass electrode and suitable
reference electrode in a pH standard solution:

Glass electrode|standard pH solution |reference electrode

R: Gas constant
T': Absolute temperature
F': Faraday’s constant

The value of 2.3026 RT/F (V) in the above equation means
the degree of electromotive force (V) per one pH unit and it is
dependent on the temperature as shown in Table 2.54-1:

Table 2.54-1 Temperature dependency of the electromotive
force (V)

T(ffm;;‘fff:fg;e 2.3026 RT/F T:f“;gf;gg“; ¢ | 2.3026 RT/F
5 0.05519 35 0.06114
10 0.05618 40 0.06213
15 0.05717 45 0.06313
20 0.05817 50 0.06412
25 0.05916 55 0.06511
30 0.06015 60 0.06610

pH Standard solution

The pH standard solutions are used as a standard of pH,
for standardization of a pH meter. To prepare water for
preparation of the pH standard solutions, distill purified
water, boil the distillate for more than 15 minutes, and cool
in a container fitted with a carbon dioxide-absorbing tube
(soda lime). Next, prepare individually 6 kinds of pH stan-
dard solutions shown in Table 2.54-2.

Store the pH standard solutions in hard glass or polyethy-
lene bottles. For storage of alkaline pH standard solutions, it
is preferable to use a bottle fitted with a carbon dioxide-ab-
sorbing tube. Since the pH may change gradually during
storage over a long period, it is necessary to acertain whether
the expected pH value is held or not by comparison with new-
ly prepared standard, when the solution is used after long
storage.

(1) Oxalate pH standard solution—Pulverize potassium
trihydrogen dioxalate dihydrate for pH determination, and
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dry in a desiccator (silica gel). Weigh 12.71 g (0.05 mole) of it
accurately, and dissolve in water to make exactly 1000 mL.

(2) Phthalate pH standard solution—Pulverize potassi-
um hydrogen phthalate for pH determination, and dry at 110
°C to constant mass. Weigh 10.21 g (0.05 mole) of it ac-
curately, and dissolve in water to make exactly 1000 mL.

(3) Phosphate pH standard solution—Pulverize potassi-
um dihydrogen phosphate for pH determination and disodi-
um hydrogen phosphate for pH determination, and dry at
110°C to constant mass. Weigh 3.40 g (0.025 mole) of potas-
sium dihydrogen phosphate and 3.55 g (0.025 mole) of diso-
dium hydrogen phosphate dodecahydrate accurately, and
dissolve in water to make exactly 1000 mL.

(4) Borate pH standard solution—Allow sodium
tetraborate for pH determination to stand in a desiccator
(saturated sodium bromide aqueous solution) until it reaches
constant mass. Weigh 3.81 g (0.01 mole) of it accurately, and
dissolve in water to make exactly 1000 mL.

(5) Carbonate pH standard solution—Dry sodium hydro-
gen carbonate for pH determination in a desiccator (silica
gel) to constant mass, and weigh 2.10 g (0.025 mole) of it ac-
curately. Dry sodium carbonate for pH determination be-
tween 300°C and 500°C to constant mass, and weigh 2.65 g
(0.025 mole) of it accurately. Dissolve both reagents in water
to make exactly 1000 mL.

(6) Calcium hydroxide pH standard solution—Reduce
calcium hydroxide for pH determination to a fine powder,
transfer 5 g to a flask, add 1000 mL of water, shake well, and
allow the solution to become saturated at a temperature be-
tween 23°C and 27°C. Then filter the supernatant at the same
temperature and use the clear filtrate (about 0.02 mol/L).

The pH values of these pH standard solutions at various
temperatures are shown in the Table below. pH values at an
arbitrary temperature not indicated in Table 2.54-2 can be
calculated by the interpolation method.

Apparatus

A pH meter generally consists of an electrode system of a
glass electrode and a reference electrode, an amplifier and an
indicating unit for controlling the apparatus and for dis-
playing the measured value of electromotive force. The in-
dicating unit is usually fitted with dials for zero and span
(sensitivity) adjustment. Sometimes a temperature compensa-
tion dial is included.

The reproducibility of a pH meter should be within 0.05
pH unit, when measurements for an arbitrary pH standard
solution are repeated five times, following the procedure
described below. After each measurement it is necessary to
wash the detecting unit well with water.

Procedure

Immerse the glass electrode previously in water for more
than several hours. Start the measurement after confirming
stable running of the apparatus. Rinse well the detecting unit
with water, and remove the remaining water gently with a
piece of filter paper.

To standardize the pH meter, two pH standard solutions
are usually used as follows. Immerse the detection unit in the
phosphate pH standard solution and adjust the indicated pH
to the pH value shown in the Table. Next, immerse the detec-
tion system in the second pH standard solution, which should
be selected so that the expected pH of the sample solution to
be determined is between the pH values of the two pH stan-
dard solutions, and measure the pH under the same condi-
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Table 2.54-2 pH values of six pH standard solutions

Temper- Oxalate | Phthalate |Phosphate | Borate |Carbonate h(;glrc(;:irge
ature pH pH pH pH pH pH
0) standgrd standgrd standgrd standgrd standgrd standard

solution | solution | solution | solution | solution | ¢opion

0 1.67 4.01 6.98 9.46 10.32 13.43

5 1.67 4.01 6.95 9.39 10.25 13.21

10 1.67 4.00 6.92 9.33 10.18 13.00
15 1.67 4.00 6.90 9.27 10.12 12.81
20 1.68 4.00 6.88 9.22 10.07 12.63
25 1.68 4.01 6.86 9.18 10.02 12.45
30 1.69 4.01 6.85 9.14 9.97 12.30
35 1.69 4.02 6.84 9.10 9.93 12.14
40 1.70 4.03 6.84 9.07 11.99
50 1.71 4.06 6.83 9.01 11.70
60 1.73 4.10 6.84 8.96 11.45

tions as used for the first pH standard solution. Adjust the in-
dicated pH to the defined pH value using the span adjustment
dial, when the observed pH is not identical with that tabulat-
ed. Repeat the above standardization procedure until both
pH standard solutions give observed pH values within 0.02
pH unit of the tabulated value without further adjustments.
When a pH meter is fitted with a temperature compensation
dial, the standardization procedure is done after the setting
of the temperature to that of the pH standard solution to be
measured.

In the case of using an apparatus having an auto-calibra-
tion function, it is necessary to confirm periodically that the
pH values of two pH standard solutions are identical with the
tabulated values within 0.05 pH unit.

After finishing the standardization procedure described
above, rinse well the electrodes with water, remove the at-
tached water using a filter paper, immerse the electrode sys-
tem in the sample solution, and read the indicated pH value
after confirming the value is stable. If necessary, a sample so-
lution can be agitated gently.

In the pH determination, the temperature of a sample solu-
tion must be controlled to be the same as that of the pH stan-
dard solutions with which the pH meter was standardized
(within 2°C). When a sample solution is alkaline, the meas-
urement should be done in a vessel with a cover and if neces-
sary, in a stream of inert gas such as nitrogen. Furthermore
for a strongly alkaline solution above pH 11 containing alkali
metal ions, an alkali error may be induced in the pH measure-
ment. Thus, in such a case, an electrode with less alkali error
should be used and an appropriate correction should be ap-
plied to the measured value.

Note: Construction and treatment in detail are different for
different pH meters.

2.55 Vitamin A Assay

Vitamin A Assay is a method to determine vitamin A in
Retinol Acetate, Retinol Palmitate, Vitamin A Oil, Cod
Liver Oil and other preparations. Method 1 is for the assay of
synthetic vitamin A esters, using the ultraviolet-visible spec-
trophotometry (Method 1-1) or the liquid chromatography
(Method 1-2). Method 2 is for the assay of vitamin A of
natural origin, containing many geometrical isomers, using
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the ultraviolet-visible spectrophotometry to determine vita-
min A as vitamin A alcohol obtained by saponification in an
alkaline solution and extraction.

One Vitamin A Unit (equal to 1 vitamin A 1.U.) is equiva-
lent to 0.300 ug of vitamin A (all-frans vitamin A alcohol).

Procedure

All procedures should be carried out quickly and care
should be taken as far as possible to avoid exposure to light,
air, oxidants, oxidizing catalysts (e.g. copper, iron), acids
and heat. If necessary, light-resistant vessels may be used.

Generally, for synthetic vitamin A esters apply Method 1-1
or Method 1-2, but if the assay conditions required for
Method 1-1 are not suitable, apply Method 2.

Method 1-1

Weigh accurately about 0.1 g of the sample, and dissolve in
2-propanol for vitamin A assay to make exactly 50 mL. Di-
lute this solution with 2-propanol for vitamin A assay to
make a solution so that each mL contains 10 to 15 vitamin A
Units, and use this solution as the sample solution. Deter-
mine the absorption spectrum of the sample solution between
220 nm and 400 nm as directed under Ultraviolet-visible
Spectrophotometry <2.24> to obtain the wavelength of the
maximum absorption and the absorbances at 300 nm, 310
nm, 320 nm, 326 nm, 330 nm, 340 nm and 350 nm. When the
maximum absorption lies between 325 nm and 328 nm, and
the ratios, A4,;/As, of each absorbance, A4,;, at 300 nm, 310
nm, 320 nm, 330 nm, 340 nm and 350 nm to the absorbance,
Az, at 326 nm are within the range of +0.030 of the values
in the Table, the potency of vitamin A in Units per g of the
sample is calculated from the following equation.
Az 4

W X 100 %1900

Units of vitamin A in 1 g=

Ajsy: Absorbance at 326 nm

V: Total volume (mL) of the sample solution

W: Amount (g) of sample in ' mL of the sample solution

1900: Conversion factor from specific absorbance of
retinol ester to IU (Unit/g)

This method is applied to drugs or preparations containing
vitamin A esters (retinol acetate or retinol palmitate) as the
main component. However, when the wavelength of maxi-
mum absorption does not lie between 325 nm and 328 nm, or
when the absorbance ratio A4;;/ A, is not within the range of
+0.030 of the values in Table 2.55-1, apply Method 2.

Table 2.55-1 Absorbance Ratio, A;;/As,, of retinol acetate
and retinol palmitate

Aji/ Asze
A; (nm)
Retinol acetate Retinol palmitate
300 0.578 0.590
310 0.815 0.825
320 0.948 0.950
330 0.972 0.981
340 0.786 0.795
350 0.523 0.527
Method 1-2

Proceed with an appropriate amount of sample as directed
under Liquid Chromatography <2.01>.

For the assay of retinol acetate and retinol palmitate use
Retinol Acetate Reference Standard and Retinol Palmitate
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Reference Standard, respectively, and fix appropriately the
operating procedure, the operating conditions and the system
suitability based on the characteristics of the substance to be
tested and the species and amount of coexisting substances.

Method 2

Unless otherwise specified, weigh accurately a sample con-
taining not less than 500 Units of vitamin A, and not more
than 1 g of fat, transfer to a flask, and add 30 mL of alde-
hyde-free ethanol and 1 mL of a solution of pyrogallol in
ethanol (95) (1 in 10). Then add 3 mL of a solution of potassi-
um hydroxide (9 in 10), attach a reflux condenser, and heat
on a water bath for 30 minutes to saponify. Cool quickly to
ordinary temperature, add 30 mL of water, transfer to a
separator A, wash the flask with 10 mL of water and then 40
mL of diethyl ether, transfer the washings to the separator A,
shake well, and allow to stand. Transfer the water layer so
obtained to a separator B, wash the flask with 30 mL of
diethyl ether, add the washing to the separator B, and extract
by shaking. Transfer the water layer to a flask, add the
diethyl ether layer to the separator A, transfer the water layer
in the flask to the separator B, add 30 mL of diethyl ether,
and extract by shaking. Transfer the diethyl ether layer so ob-
tained to the separator A, add 10 mL of water, allow the
separator A to stand after gentle turning upside-down 2 or 3
times, and remove the water layer. Wash the content of the
separator A with three 50-mL portions of water with increas-
ingly vigorous shaking as the washing proceeds. Further wash
with 50-mL portions of water until the washing no longer
shows a pink color with phenolphthalein TS, and allow to
stand for 10 minutes. Remove remaining water as far as pos-
sible, transfer the diethyl ether to an Erlenmeyer flask, wash
the separator with two 10-mL portions of diethyl ether, add
the washings to the flask, add 5 g of anhydrous sodium sul-
fate to the flask, mix by shaking, and transfer the diethyl
ether to a round-bottomed flask by decantation. Wash the
remaining sodium sulfate in the flask with two or more
10-mL portions of diethyl ether, and transfer the washings to
the flask. Evaporate the diethyl ether in a water bath at 45°C
while swirling the flask, using an aspirator, to about 1 mL,
immediately add an exactly measured amount of 2-propanol
for vitamin A assay to make a solution containing 6 to 10
vitamin A Units per mL, and designate the solution as the
sample solution. Determine the absorbances, A3, at 310 nm,
Asps at 325 nm, and A3, at 334 nm, of the sample solution as
directed under Ultraviolet-visible Spectrophotometry.

Units of vitamin A in 1 g of the sample

_ A325 V
= w X 00 /*1830
A310 A334
—6.815—2.555x 310 _ 4 560x A
4 Ass Ass

Asys: Absorbance at 325 nm

V: Total volume (mL) of the sample solution

W: Amount (g) of sample in ¥ mL of the sample solution

f: Correction factor

1830: Conversion factor from specific absorbance of
retinol alcohol to IU (Unit/g)
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2.56 Determination of Specific
Gravity and Density

The density p (g/mL or g/cm3) means the mass per unit
volume, and the relative density means the ratio of the mass
of a sample specimen to that of an equal volume of a stan-
dard substance. The relative density is also called the specific
gravity.

The specific gravity, df, means the ratio of the mass of the
sample specimen at ¢ °C to that of an equal volume of water
(H,0) at t°C . Unless otherwise specified, the measurement is
to be performed by Method 1, Method 2 or Method 4. When
the specified value is accompanied with the term ‘‘about’’ in
the monograph, Method 3 is also available.

Method 1. Measurement using a pycnometer

A pycnometer is a glass vessel with a capacity of usually 10
mL to 100 mL, having a ground-glass stopper fitted with a
thermometer, and a side inlet-tube with a marked line and a
ground-glass cap.

Weigh a pycnometer, previously cleaned and dried, to de-
termine its mass W. Remove the stopper and the cap. Fill the
pycnometer with the sample solution, keeping them at a
slightly lower temperature by 1°C to 3°C than the specified
temperature ¢’ °C, and stopper them, taking care not to leave
bubbles. Raise the temperature gradually, and when the ther-
mometer shows the specified temperature, remove the por-
tion of the sample solution above the marked line through the
side tube, cap the side tube, and wipe the outside surface
thoroughly. Measure the mass W, of the pycnometer filled
with the sample solution. Perform the same procedure, using
the same pycnometer containing water, and note the mass W,
at the specified temperature #°C. The specific gravity d!'can be
calculated by use of the following equation.

WI_W

di=
Y ow,—-w

Further, when measurements for a sample solution and
water are performed at the same temperature (1°C=1¢ °C),
the density of the sample solution at the temperature ¢’ °C
(p) can be calculated from the measured specific gravity d/,
and the density of water at the temperature ¢ °C (pf)) indicat-
ed in Table 2.56-1 by using the following equation.

pr=p§ dj
Method 2. Measurement using a Sprengel-Ostwald pycno-
meter

A Sprengel-Ostwald pycnometer is a glass vessel with a
capacity of usually 1 mL to 10 mL. As shown in Fig. 2.56-1,
both ends are thick-walled fine tubes (inside diameter: 1 - 1.5
mm, outside diameter: 3 - 4 mm), one of which, tube A, has
a line C marked on it. Determine the mass of a pycnometer,
W, previously cleaned and dried, by hanging it on the arm of
a chemical balance with a platinum or aluminum wire D. Im-
merse the fine tube B in the sample solution, which is at a
lower temperature by 3°C to 5°C than the specified tempera-
ture ¢’ °C. Attach rubber tubing or a ground-glass tube to the
end of A, and suck up the sample solution until the meniscus
is above the marked line C, taking care to prevent bubble for-
mation. Immerse the pycnometer in a water bath kept at the
specified temperature ¢ °C for about 15 minutes, and then,
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Fig. 2.56-1 Sprengel-Ostwald pycnometer

by attaching a piece of filter paper to the end of B, adjust the
level of the sample solution to the marked line C. Take the
pycnometer out of the water bath, wipe thoroughly the out-
side surface and determine the mass ;. By use of the same
pycnometer, perform the same procedure for the standard
solution of water. Weigh the pycnometer containing water at
the specified temperature °C, and note the mass W,. Calcu-
late the specific gravity d/, according to the equation
described in Method 1.

Further, when measurements of specific gravity for a sam-
ple solution and water are performed at the same temperature
(¢’°C=1¢°C), the density of sample solution at temperature ¢’
°C can be calculated by using the equation described in
Method 1.

Method 3. Masurement using a hydrometer

Clean a hydrometer with ethanol (95) or diethyl ether. Stir
the sample well with a glass rod, and float the hydrometer in
the well. When the temperature is adjusted to the specified
temperature ¢/ °C and the hydrometer comes to a standstill,
read the specific gravity d?or the density p4 at the upper brim
of the meniscus. Here the temperature £°C indicates the tem-
perature at which the hydrometer is calibrated. If specific in-
structions for reading the meniscus are supplied with the
hydrometer, the reading must be in accordance with the in-
structions.

Further, when measurement of the specific gravity for a
sample solution is performed at the same temperature (¢’ °C
=1°C), at which the hydrometer is calibrated, the density of
a sample solution at ¢’ °C, p¥, can be calculated by using the
specific gravity d!'and the equation shown in Method 1.

Method 4. Measurement using an oscillator-type density
meter

Density measurement with an oscillator-type density meter
is a method for obtaining the density of liquid or gas by
measuring the intrinsic vibration period 7 (s) of a glass tube
cell filled with sample specimen. When a glass tube conta-
ining a sample is vibrated, it undergoes a vibration with an in-
trinsic vibration period 7T in proportion to the mass of the
sample specimen. If the volume of the vibrating part of the
sample cell is fixed, the relation of the square of intrinsic
oscillation period and density of the sample specimen shall be
linear.

Before measuring a sample density, the respective intrinsic
oscillation periods Ts; and Ts, for two reference substances
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(density: psi, psy) must be measured at a specified temperature
t’°C, and the cell constant K,(g-cm~3 s~2) must be
determined by using the following equation.

PE1—Phy

K, =
" Tg? - T

Usually, water and dried air are chosen as reference sub-
stances. Here the density of water at #'°C, p,, is taken from
the attached Table, and that of dried air p§, is calculated by
using the following equation, where the pressure of dried air
is at p kPa.

p5,=0.0012932 x {273.15/(273.15+1¢")} x (p/101.325)

Next, introduce a sample specimen into a sample cell hav-
ing a cell constant K, the intrinsic vibration period, Tr, for
the sample under the same operation conditions as employed
for the reference substances. The density of a sample speci-
men at ¢’ °C, p4, is calculated by use of the following equa-
tion, by introducing the intrinsic oscillation period 75, and
the density of water at a specified temperature ¢’ °C, p§,, into
the equation.

Pk =p§1 + K (T2 = Tg,?)

Further, the specific gravity of a sample specimen d?
against water at a temperature 1°C can be obtained by using
the equation below, by introducing the density of water at a
temperature °C, p%,, indicated in Table 2.56-1.

Pr
P

di=

Apparatus

An oscillator-type density meter is usually composed of a
glass tube cell of about 1 mL capacity, the curved end of
which is fixed to the vibration plate, an oscillator which ap-
plies an initial vibration to the cell, a detector for measuring
the intrinsic vibration period, and a temperature controlling
system.

A schematic illustration of the apparatus is depicted in
Fig. 2.56-2.

Procedure

A sample cell, water, and a sample specimen are previously
adjusted to a specified temperature ¢ °C. Wash the sample
cell with water or an appropriate solvent, and dry it
thoroughly with a flow of dried air. Stop the flow of dried air,
confirm that the temperature is at the specified value, and
then measure the intrinsic oscillation period Ts, given by the
dried air. Separately, the atmospheric pressure p (kPa) must
be measured at the time and place of the examination. Next,
introduce water into the sample cell and measure the intrinsic
oscillation period 7Tg; given by water. Using these values of
the intrinsic oscillation period and the atmospheric pressure,
the sample cell constant K, can be determined by use of the
above-mentioned equation.

Next, introduce a sample specimen into the glass cell, con-
firm the specified temperature, and measure the intrinsic
oscillation period Tt given by the sample specimen. Using the
intrinsic oscillation periods for water and the sample speci-
men, the density of water p;, and the cell constant K, the
density of the sample specimen p4 can be obtained by use of
the above equation. If necessary, the specific gravity of the
sample specimen d against water at a temperature ¢°C, can
be calculated by using the density of water p§, shown in
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sample  [L

I l A: Thermometer
B: Sample cell

C: Vibration plate

D: Amplifier

E: Detector

F: Vibrator

temp. constant water

Fig. 2.56-2 Oscillator-type density meter

Table 2.56-1.

In this measurement, avoid the occurrence of bubble for-
mation in the sample cell, when a sample specimen or water is
introduced into the cell.

Table 2.56-1 Density of water

Temp. Density |Temp. Density |Temp. Density |Temp. Density
°C g/mL °C g/mL °C g/mL °C g/mL
0 0.9998 | 10 099970 | 20 0.99820 | 30  0.995 65
1 0.99990 | 11 099961 | 21  0.99799 | 31  0.995 34
2 0.99994 | 12 099950 | 22 0.99777 | 32  0.99503
3 0.99996 | 13 099938 | 23  0.99754 | 33  0.99470
4 099997 | 14 099924 | 24  0.99730 | 34  0.994 37
5 0.99996 | 15 099910 | 25 0.99704 | 35 0.994 03
6 0.99994 | 16 099894 | 26 0.99678 | 36  0.993 68
7 0.99990 | 17 099877 | 27 0.99651 | 37  0.993 33
8 0.99985 | 18 099860 | 28 0.99623 | 38  0.992 97
9 0.99978 | 19 099841 | 29 0.99594 | 39  0.992 59
10 099970 | 20 0.99820 | 30 0.99565 | 40  0.992 22

*

In this Table, although the unit of density is represented by g/mL
in order to harmonize with the unit expression in the text, it
should be expressed in g/cm3 seriously.

2.57 Boiling Point and
Distilling Range Test

The boiling point and distilling range are determined by
Method 1 or Method 2 as described herein, unless otherwise
specified. Boiling point is the temperature shown between
when the first 5 drops of distillate leave the tip of the con-
denser and when the last liquid evaporates from the bottom
of the flask. Distilling range test is done to determine the
volume of the distillate which has been collected in the range
of temperature directed in the monograph.

Method 1 This method is applied to a sample for which the
permissible range of boiling temperature is smaller than 5°C.

(1) Apparatus

Use the apparatus illustrated in Fig. 2.57-1.

(2) Procedure

Measure 25 mL of the sample, whose temperature is previ-
ously noted, using a volumetric cylinder G graduated in 0.1
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A: Distilling flask
B: Thermometer with an immersion
line
C: Immersion line lo=1 1 |
D: Cork stopper
E: Condenser
F: Adapter
G: Volumetric cylinder
(25 mL, graduated to 0.1 mL}

about 35—
X

The figures are in mm.
Fig. 2.57-1

mL, and transfer it to a distilling flask A of 50- to 60-mL
capacity. Use this cylinder as the receiver for the distillate
without rinsing out any of the adhering liquid. Put boiling
chips into the distilling flask A, insert a thermometer B with
an immersion line so that its immersion line C is on a level
with the lower end of cork stopper D and the upper end of its
mercury bulb is located in the center of the delivery tube, and
connect condenser E with the distilling flask A and adapter F
with the condenser E. Insert the open end of F into the mouth
of cylinder G (receiver) so that air can pass through slightly.
Use a hood with a height sufficient to shield A, and heat A
with a suitable heat source. When direct flame is applied as
the heat source, put A on a hole of a fire-resistant, heat-in-
sulating board [a board consisting of a fire-resistant, heat-in-
sulating material, 150 mm square and about 6 mm thick (or a
wire gauge of 150 mm square bonded to fire-resistant, heat-
insulation materials in about 6 mm thickness), having an its
center a round hole 30 mm in diameter].

Unless otherwise specified, distil the liquid sample by the
application of heat, at a rate of 4 to 5 mL per minute of distil-
late in the case of liquids whose boiling temperature to be de-
termined is lower than 200°C and at a rate of 3 to 4 mL per
minute in the case of liquids whose boiling temperature is 200
°C or over, and read the boiling point. For the distilling
range test, bring the temperature of distillate to the tempera-
ture at which the volume was originally measured, and meas-
ure the volume of distillate.

Liquids that begin to distil below 80°C are cooled to be-
tween 10°C and 15°C before measuring the volume, and the
receiving cylinder is kept immersed in ice up to a point 25 mm
from the top during the distillation.

Correct the observed temperature for any variation in the
barometric pressure from the normal (101.3 kPa), by allow-
ing 0.1 degree for each 0.36 kPa of variation, adding if the
pressure is lower, or subtracting if higher than 101.3 kPa.

Method 2 This method is applied to the sample for which
the permissible range of boiling temperature is 5°C or more.
(1) Apparatus
The same apparatus as described in Method 1 is used.
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However, use a 200-mL distilling flask A with a neck 18 to 24
mm in inside diameter having a delivery tube 5 to 6 mm in in-
side diameter. The fire-resistant, heat-insulating board used
for direct flame heating should have in its center a round hole
50 mm in diameter.

(2) Procedure

Measure 100 mL of the sample, whose temperature is
previously noted, using a volumetric cylinder graduated in 1
mL, and carry out the distillation in the same manner as in
Method 1.

2.58 X-Ray Powder Diffraction
Method

X-Ray Powder Diffraction Method is a method for meas-
uring characteristic X-ray diffraction angles and intensities
from randomly oriented powder crystallites irradiated by a
monochromated X-ray beam. In this diffraction process,
electrons in the component atoms of crystallites are forced to
vibrate by the incident X-ray beam, and make sharp coherent
scatters of the X-ray. The diffraction pattern from a crystal-
line specimen is specific for the crystal form of the specimen.
Therefore the X-ray powder diffraction method can be used
for qualitative and quantitative evaluation of crystal forms,
formation of polymorphism, and crystalline solvates. The
random arrangement of molecules in non-crystalline sub-
stances makes them poor interference scatters of X-rays,
resulting in broad, diffuse maxima in the diffraction patterns.
Thus, for non-crystalline substances and/or materials with
poor crystallinity, the utility of this method is limited.
However, the X-ray diffraction method can be used for es-
timating the crystallinity of materials like plastics.

In crystalline materials, the molecular and atomic species
are ordered in a three-dimensional array, called a lattice. The
smallest lattice is designated the unit cell in crystallography.
A plane in the crystal can be defined by three arbitrary lattice
points and there is a family of planes separated by a certain
interplanar spacing from each other. Thus a family of planes
is called a crystalline plane and is usually indexed by using
Miller indices (hkl). These indices are the reciprocals,
reduced to smallest integers, of the intercepts that a plane
makes along the three axes composing the unit cell. Interpla-
nar spacing for a set of parallel planes (hk/) is denoted by
k-

The occurrence of X-ray diffraction and the direction of
the diffracted beam by a crystallographic plane obey the
Bragg’s law. According to this law, X-ray diffraction occurs
only when the scattered beams in a specific direction travel
distances that differ by integral multiples (n), the order of the
reflection, of the incident X-ray wavelength (4). This condi-
tion is described by the equation,

2 dhkl sin = nA

in which d,;; denotes the interplanar spacing and @ is the an-
gle of diffraction. The diffracted angle 2 € due to a plane (hkl)
is specified by the intrinsic interplanar spacing, defined by the
lattice constants, and the wavelength of the incident X-ray
beam.

The intensity of a coherent X-ray diffraction is dependent
upon structure factors, temperature factor, degree of crystal-
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linity, volume and density of the powdered specimen, absorp-
tion characteristics, intensity and wavelength of the incident
X-ray beam, polarization factor, multiplicity, Lorentz fac-
tor, etc. Among these factors, the polarization factor is de-
pendent upon the monochromatizing method of the incident
X-ray beam, the Lorentz factor upon geometrical factors of
the apparatus, multiplicity factor upon the crystalline sys-
tems, absorption factor upon the component atoms of the
sample, temperature factor and crystallinity upon experimen-
tal temperature and physical properties of the specimen, and
structural factor upon the position of each atom in the unit
cell and atomic species.

Apparatus

Usually an X-ray diffractometer equipped with a radiation
detector is used for X-ray powder diffraction measurement.
The diffractometer is composed of an X-ray source, goniome-
ter, radiation detector, and the combined controller and data
processor.

X-Ray radiation sources are usually vacuum tubes, in
which heated electrons are emitted from a cathode, and im-
pinge violently against an anode under a high electric field.
Since the wavelength of the generated X-rays depend upon
the type of metal utilized as the anode, an appropriate anode
has to be selected for the specimen to be analyzed. In general,
since the generated X-rays have a wide spectrum of
wavelength, an appropriate filter element or crystal
monochromator must be chosen so that a monochromated
beam is practically used for the diffraction analysis.

The goniometer is an angle scanning apparatus for adjust-
ing two angles, that between the X-ray beam and the speci-
men surface, and that between the specimen surface and the
detector. It is usually scanned with the above two angles
being held equal, which is called the symmetrical reflection
technique. The goniometer is equipped with a filter or a
monochromator for selecting a specific X-ray beam. Further
equipment may be included for heating or cooling sample
specimens.

A counting apparatus is composed of a detector and a
computing apparatus, of which the former converts the in-
tensity of scattered X-rays to electrical signals, while the lat-
ter converts the obtained signals to diffraction intensity
values. A proportional counter or a scintillation counter is
usually used as the detector.

A combination of controller and data processor is used for
controlling the goniometer angle, for recording diffraction in-
tensity, and for data processing.

Operation Procedure

The following variables have to be selected and/or deter-
mined before performing a diffraction measurement for a
given specimen: anode type, electric current and voltage for
the X-ray vacuum tube, scanning speed and range of the
goniometer, time constant and so on. A copper anode is most
commonly employed for organic substances and polymers.

A powdered specimen is usually packed and prepared in a
specimen holder made of aluminum or glass. As a rule, the
orientation of sample crystallites have to be randomized be-
fore packaging. The specimen may be ground in an agate
mortar to a fine powder in order to randomize the orientation
of crystallites. However, this grinding method is sometimes
inappropriate due to the physical characteristics of a speci-
men or the measurement object.

In setting up the specimen and apparatus, coplanarity of
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the specimen surface with the specimen holder surface and
the setting of the specimen holder at the position of symmet-
ric reflection geometry have to be assured. Further it should
be noted that the grinding procedure may affect the crystallin-
ity of the specimen and the packaging pressure on the speci-
men holder may induce orientation of the crystallites.

Identification and/or Judgement

Identification of the specimen with the standard material
can be accomplished by comparing the X-ray powder diffrac-
tion patterns with each other. Judgement of polymorphism
and crystalline solvates can be done by comparison of the
diffraction pattern obtained for the specimen with that of the
reference material or the same material measured previously.

Comparison of two X-ray diffraction patterns should be
based on the intensity ratio of diffracted peaks, and the inter-
planar spacings d. The intensity ratio is defined by the ratio
of the peak intensity at a particular diffraction angle to the in-
tensity of the standard peak, for which the strongest maxi-
mum on the diffraction pattern is usually selected. However,
the diffraction angle 2 6 can be used as a basis for the identifi-
cation, where the same wavelength of the radiation beam is
utilized for the diffraction measurement of the sample and
reference material. The scanning angle range for diffraction
measurement is usually between 5° and 40° for ordinary or-
ganic substances, unless otherwise specified in Monographs.
Based on the obtained X-ray diffraction patterns, the identifi-
cation of a specimen with a standard material can be con-
firmed, if the diffraction pattern for the specimen gives
diffraction peaks of the same intensity at the same diffraction
angle 2 6, as those of the standard. If two powder crystallites
ascribed to the same substance have the same crystal form,
the X-ray diffraction angles should agree within + 0.2°.

Assay

A quantitative analysis by X-ray powder diffraction does
not give a sufficiently precise result. Thus, the quantitative
application of this method is limited to a few analytical
problems: numerical estimation of degree of polymorphism,
solvation number for crystalline solvates, and degree of crys-
tallinity.

For a quantitative analysis of polymorphism and/or sol-
vate, an appropriate diffraction peak has to be selected.
Usually, the calibration curve method can be applied to the
quantitative estimation by the X-ray analysis. Before meas-
urement of the diffraction intensity for a sample specimen at
a selected diffraction peak, a calibration curve must be pre-
pared under the same conditions, using a series of standard
samples containing known amounts of the objective sub-
stance.

Alternatively the internal standard method can also be
effective in place of the above standard method. A known
amount of the internal standard is usually added to weighed
amounts of a sample to be analyzed. Diffraction intensity ra-
tios of the specimen to the internal standard are measured.
Separately, a calibration curve for the intensity ratio against
the mixing ratio of the reference material to the internal stan-
dard are prepared under the same conditions. By using the
calibration curve, a quantitative analysis is possible in X-ray
powder diffraction measurement. If more than two diffrac-
tion peaks ascribed to different lattice planes (hk/) are used,
the influence of orientation of crystallites can be detected.
The internal standard should have approximately the same
density as the specimen and similar absorption characteristics
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with regard to the X-ray beam. Further the diffraction peak
given by the standard should not overlap with that of the
specimen to be analyzed.

Caution: Handle the apparatus with great care since X-ray
may affect the human health.

2.59 Test for
Total Organic Carbon

Test for Total Organic Carbon is a method for measuring
the amount of organic carbon, which forms organic com-
pounds, in water. Normally, organic carbon can be oxidized
to carbon dioxide by a dry decomposition method, where or-
ganic compounds are oxidized by combustion, or by a wet
decomposition method, where organic compounds are oxi-
dized by applying ultraviolet rays or by adding oxidizing a-
gent. The amount of carbon dioxide generated in the decom-
position process is measured using an appropriate method
such as infrared gas analysis, electric conductivity measure-
ment, or resistivity measurement. The amount of organic car-
bon in water can be calculated from the amount of carbon di-
oxide measured in one of the above methods.

There are two types of carbon in water: organic carbon and
inorganic carbon. For measuring the amount of organic car-
bon, two approaches can be taken. One method is to measure
the amount of total carbon in water, then to subtract the
amount of inorganic carbon from that of total carbon. The
other method is to remove inorganic carbon from the test
water, then to measure the amount of remaining organic
carbon.

Instrument

The instrument consists of a sample injection port, a
decomposition device, a carbon dioxide separation block, a
detector, and a data processor or a recorder. The instrument
should be capable of measuring the amount of organic car-
bon down to 0.050 mg/L.

The sample injection port is designed to be able to accept a
specific amount of sample injected by a microsyringe or other
appropriate sampling devices. The decomposition device for
the dry decomposition method consists of a combustion tube
and an electric furnace to heat the sample. Both devices are
adjusted to operate at specified temperatures. The decompo-
sition device for the wet decomposition method consists of an
oxidizing reaction box, an ultraviolet ray lamp, a decomposi-
tion aid injector, and a heater. The decomposition device for
either method should be capable of generating not less than
0.450 mg/L of organic carbon when using a solution of sodi-
um dodecylbenzenesulfonate (theoretical value of total or-
ganic carbon in this solution is 0.806 mg/L) as the sample.
The carbon dioxide separation block removes water from
carbon dioxide formed in the decomposition process or
separates carbon dioxide from the decomposed gas. An in-
frared gas analyzer, electric conductivity meter or specific
resistance meter is used as the detector which converts the
concentration of carbon dioxide into electric signal. The data
processor calculates the concentration of the total organic
carbon in the sample based on the electric signal converted by
the detector. The recorder records the electric signal intensity
converted by the detector.
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Reagents and standard solutions

Water used for measuring organic carbon (water for meas-
urement): This water is used for preparing standard solutions
or decomposition aid or for rinsing the instrument. The
amount of organic carbon in this water, when collected into a
sample container, should be not more than 0.250 mg/L.

Standard potassium hydrogen phthalate solution: The con-
centration of this standard solution is determined as specified
for the instrument. Dry potassium hydrogen phthalate (stan-
dard reagent) at 105°C for 4 hours, and allow it to cool in a
desiccator (silica gel). Weigh accurately a prescribed amount
of dried potassium hydrogen phthalate, and dissolve it in the
water for measurement to prepare the standard solution.

Standard solution for measuring inorganic carbon: The
concentration of this standard solution is determined as spe-
cified for the instrument. Dry sodium hydrogen carbonate in
a desiccator (sulfuric acid) for not less than 18 hours. Dry so-
dium carbonate decahydrate separately between 500°C and
600°C for 30 minutes, and allow to cool in a desiccator (silica
gel). Weigh accurately prescribed amounts of these com-
pounds so that the ratio of their carbon content is 1:1, and
dissolve them in the water for measurement to prepare the
standard solution.

Decomposition aid: Dissolve a prescribed amount of
potassium peroxodisulfate or other substances that can be
used for the same purpose, in the water for measurement up
to the concentration as specified for the instrument.

Gas for removing inorganic carbon or carrier gas: Nitro-
gen, oxygen, or other gases that can be used for the same pur-
pose.

Acid for removing inorganic carbon: Dilute hydrochloric
acid, phosphoric acid or other acids that can be used for the
same purpose, with the water for measurement down to the
concentration as specified for the instrument.

Apparatus

Sample container and reagent container: Use a container
made of the material which does not release organic carbon
from its surface, such as hard glass. Soak the container be-
fore use in a mixture of diluted hydrogen peroxide solution (1
in 3) and dilute nitric acid (1:1), and wash well with the water
for measurement.

Microsyringe: Wash a microsyringe with a mixture of a so-
lution of sodium hydroxide (1 in 20) and ethanol (99.5) (1:1),
or diluted hydrochloric acid (1 in 4), and rinse well with the
water for measurement.

Procedure

Employ an analytical method suitable for the instrument
used. Calibrate the instruments using the standard potassium
hydrogen phthalate solution with the test procedure specified
for the instrument.

It is recommended that this instrument be incorporated
into the manufacturing line of the water to be tested.

Otherwise, this test should be performed in a clean circum-
stance where the use of organic solvents or other substances
that may affect the result of this test is prohibited, using a
large sample container to collect a large volume of the water
to be tested. The measurement should be done immediately
after the sample collection.

(1) Measurement of organic carbon by subtracting inor-
ganic carbon from total carbon

According to the test procedure specified for the instru-
ment used, inject a suitable volume of the sample for measur-
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ing the expected amount of total carbon into the instrument
from sample injection port, and decompose organic and inor-
ganic carbon in the sample. Detect the generated carbon di-
oxide with the detector, and calculate the amount of total
carbon in the sample using a data processor or a recorder.
Change the setting of the instrument for measuring inorganic
carbon exclusively, and measure the amount of inorganic car-
bon in the same manner as total carbon. The amount of or-
ganic carbon can be obtained by subtracting the amount of
inorganic carbon from that of total carbon.

(2) Measurement of organic carbon after removing inor-
ganic carbon

Remove inorganic carbon by adding the acid for removing
inorganic carbon to the sample, followed by bubbling the gas
for removing inorganic carbon (e.g. nitrogen) into the sam-
ple. According to the test procedure specified for the instru-
ment used, inject a suitable volume of the sample for measur-
ing the expected amount of organic carbon into the instru-
ment from sample injection port, and decompose the sample.
Detect the generated carbon dioxide with the detector, and
calculate the amount of organic carbon in the sample using a
data processor or a recorder.

For the instrument where the removal of inorganic carbon
is performed in the instrument, first inject a suitable volume
of the sample for measuring the expected amount of organic
carbon into the instrument from sample injection port, ac-
cording to the test procedure specified for the instrument
used. Then, remove inorganic carbon by adding the acid for
removing inorganic carbon to the sample in the decomposi-
tion device, followed by bubbling the gas for removing inor-
ganic carbon into the sample. Decompose organic carbon,
detect the generated carbon dioxide with the detector, and
calculate the amount of organic carbon using a data proces-
sor or a recorder.

2.60 Melting Point Determination

The melting point is defined to be the temperature at which
a crystalline substance melts during heating, when the solid
phase and the liquid phase are in an equilibrium. However, in
this Pharmacopoeia it is conventionally defined to be the tem-
perature at which the remaining solid sample melts complete-
ly when it is subjected to continuous heating and the change
of the sample state that accompanies heating is accurately ob-
served. Since a pure substance has an intrinsic melting point,
it is used for the identification and/or confirmation of a sub-
stance and also as an indicator of the purity of a substance.

The melting point is determined by either of the following
methods: Method 1 is applied to those substances of which
the purity is comparably high and which can be pulverized,
Method 2 to those substances which are insoluble in water
and can not be readily pulverized, and Method 3 to petrola-
tums.

Unless otherwise specified, measurement is performed by
Method 1.

Method 1
This method is applied to those substances of which the
purity is comparably high and which can be pulverized.

Apparatus
Use the apparatus illustrated in the Fig. 2.60-1.
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Alternatively, apparatus in which some of the procedures,
such as stirring, heating, and cooling are automated, can be
used.

Bath fluid: Usually use clear silicone oil having a viscosity
of 50 to 100 mm?/s at an ordinary temperature.

Thermometer with an immersion line: There are six types
of thermometers, Type 1—Type 6, which are specified by an
appropriate measuring temperature range. For melting points
lower than 50°C, use a thermometer Type 1; for 40°C to
100°C, Type 2; for 90°C to 150°C, Type 3; for 140°C to
200°C, Type 4; for 190°C to 250°C, Type 5; for 240°C to
320°C, Type 6.

Capillary tube: Use a hard glass capillary tube 120 mm
long, 0.8 to 1.2 mm in inner diameter and 0.2 to 0.3 mm
thick, with one end closed.

Procedure

Pulverize the sample to a fine powder, and, unless other-
wise specified, dry in a desiccator (silica gel) for 24 hours.
When it is specified to do the test after drying, dry the sample
under the conditions specified in the monograph before meas-
urement. Place the sample in a dried capillary tube H, and
pack it tightly so as to form a layer about 2.5 - 3.5 mm high
by dropping the capillary repeatedly, with the closed end of
H down, through a glass tube, about 70 cm long, held verti-
cally on a glass or porous plate.

Heat the bath fluid B until the temperature rises to about
10°C below the expected melting point, place the thermome-
ter D in the bath with the immersion line at the same level as
the meniscus of the bath fluid, and insert capillary tube H
into a coil spring G so that the packed sample is placed in a
position corresponding to the center of the mercury bulb of
the thermometer D. Continue heating to raise the tempera-
ture at a rate of approximately 3°C per minute until the
temperature rises to 5°C below the expected melting point,
then carefully regulate the rate of temperature increase to
1°C per minute.

Read the thermometer indication of the instantaneous tem-
perature at which the sample liquefies completely and no
solid is detectable in the capillary, and designate the indicated
temperature as the melting point of the sample specimen.

System suitability test—Confirmation of the system
suitability of the apparatus should be done periodically by
using the Melting Point Standards. The Reference Standard
is prepared for the suitability test of the apparatus when it is
used with Type 2—Type 5 thermometers, and consists of 6
highly purified substances: acetanilide, acetophenetidine,
caffeine, sulfanilamide, sulfapyridine, and vanillin. The label
shows the certified melting points of the respective substances
(the end point of the melting change), MP;.

After selecting one of the thermometers and the appropri-
ate Melting Point Standard based upon the expected melting
point of a sample specimen, perform a melting point meas-
urement of the selected Reference Standard, according to the
above procedure. When the value of the obtained melting
point of the Reference Standard is within MP;+0.5°C in the
case of vanillin and acetanilide, within MP;+0.8°C in the
case of acetophenetidine and sulfanilamide, and within MP;
+1.0°C in the case of sulfapyridine and caffeine, the appara-
tus is assumed to be suitable.

The above-mentioned measurement is repeated 3 times and
the average is determined to be the melting point of the
Reference Standard tested. When the above suitability test
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A: Heating vessel of hard glass

B: Bath fluid

C: Teflon stopper

D: Thermometer with an immersion line

E: Thermometer-fastening spring

F: Vent for adjustment of the bath fluid volume
(: Coil spring

H: Capillary tube

I: Spring for fastening Teflon stopper

Fig. 2.60-1 Melting point determination apparatus

criteria are not met in a certain melting point measurement
system of an apparatus and a Reference Standard, do the test
again, after checking the packing of the sample specimen into
the capillary tube, the locations and positioning of the ther-
mometer and the capillary tube, the heating and stirring of
the bath fluid, and the control of the temperature increasing
rate. When a melting point measurement system does not
meet the suitability test criteria again after checking these
measuring conditions, the thermometer with an immersion
line should be calibrated again or replaced with a new one.

Method 2

This method is applied to substances such as fats, fatty
acids, paraffins or waxes.

Apparatus

Instead of the apparatus specified in Method 1, use a
water-containing beaker as a bath fluid and a heating vessel.
In this measurement, total immersion mercury-filled ther-
mometers can also be used in place of the thermometer with
an immersion line. Furthermore, the capillary tube should be
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the same as specified in Method 1, except that both ends of
the tube are open.

Procedure

Carefully melt the sample at as low a temperature as possi-
ble, and, taking care to prevent bubbles, introduce it into a
capillary tube to a height of about 10 mm. Allow the capillary
containing the sample to stand for 24 hours at below 10°C, or
for at least 1 hour in contact with ice, holding the capillary so
that the sample can not flow out. Then attach the capillary to
the thermometer by means of a rubber band so that the
absorbed sample is located at a position corresponding to the
center of the mercury bulb. Adjust the capillary tube in a
water-containing beaker to such a position that the lower
edge of the sample is located 30 mm below the water surface.
Heat the beaker with constant stirring until the temperature
rises to 5°C below the expected melting point. Then regulate
the rate of temperature increase to 1°C per minute. The
temperature at which the sample begins floating in the capil-
lary is taken as the melting point of the sample specimen.

Method 3

This method is applied to petrolatums.

Apparatus

Instead of the apparatus specified in Method 1, use a
water-containing beaker as a bath fluid and a heating vessel.
In this measurement, total immersion mercury-filled ther-
mometers can also be used in place of the thermometer with
an immersion line.

Procedure

Melt the sample slowly by heating, with thorough stirring,
until the temperature reaches 90 - 92°C. Discontinue the
heating, and allow the sample to cool to 8 - 10°C above the
expected melting point. Chill the bulb of the thermometer to
5°C, wipe and dry, and, while still cold, stick half of the
thermometer bulb into the melted sample. Withdraw it
immediately, hold vertically, cool until the attached sample
becomes turbid, then dip the sample-bearing bulb for 5
minutes in water having a temperature below 16°C. Next, fix
the thermometer securely in a test tube by means of a cork
stopper so that the lower end is located 15 mm above the
bottom. Suspend the test tube in a water-containing beaker
held at a temperature about 16°C, and raise the temperature
of the water bath to 30°C at a rate of 2°C per minute, then
continue heating carefully at a rate of 1°C per minute until it
reaches the melting point. Read the thermometer indication
of the instantaneous temperature at which the first drop of
the sample leaves the thermometer. If the variations between
three repeated determinations are not more than 1°C, take
the average of the three as the melting point. If any variation
is greater than 1°C, make two additional measurements, and
take the average of the five as the melting point.

3. Powder Property
Determinations

3.01 Determination of Bulk and
Tapped Densities

Determination of Bulk and Tapped Densities is a method
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to determine the bulk densities of powdered drugs under
loose and tapped packing conditions respectively. Loose
packing is defined as the state obtained by pouring a powder
sample into a vessel without any consolidation, and tapped
packing is defined as the state obtained when the vessel con-
taining the powder sample is to be repeatedly dropped a spe-
cified distance at a constant drop rate until the apparent
volume of sample in the vessel becomes almost constant. The
bulk density is expressed in mass per unit apparent volume of
powder (g/mL). Because the bulk density is one of the meas-
ures of packing properties, compressibility and flow proper-
ties, and is dependent on the ‘‘history’’ of the powder, it is es-
sential to report the bulk density to specify how the determi-
nation was made.

Bulk density

The bulk density is an apparent density obtained by pour-
ing a powder sample into a vessel without any consolidation.
The determination of bulk density is achieved by measuring
the apparent volume of a powder sample having a known
mass in a graduated cylinder (Method 1) or by measuring the
mass of powder in a vessel having a known volume (Method
2).

Method 1 (Constant mass method)

Unless otherwise specified, pass a quantity of sample
sufficient to complete the test through a 1000-um (No.16)
sieve to break up agglomerates that may have formed during
storage. Weigh accurately about 30 g of test sample, and
pour it into a dry 100-mL graduated glass cylinder (readable
to 1 mL). Carefully level the powder without consolidation,
if necessary, and read the unsettled apparent volume, V;, to
the nearest graduated unit. Calculate the bulk density pp by
the formula:

p=M/V,

pe: Bulk density by constant mass method (g/mL)
M : Mass of powder sample (g)
Vy: Apparent volume of powder sample (mL)

Record the average of 3 determinations using 3 different
powder samples. If a 30-g sample is too large to determine,
adjust the mass of sample so as to provide an apparent
volume of 60 - 100 mL.

Method 2 (Constant volume method)

Unless otherwise specified, pass a quantity of sample
sufficient to complete the test through a 1000-um (No.16)
sieve to break up agglomerates that may have formed during
storage. Allow an excess of sample powder to pour into the
measuring vessel having the volume of V' and mass of M,.
Carefully scrape excess powder from the top of the vessel us-
ing the edge of a slide glass or other tool by smoothly moving
across it. Remove any material from the sides of the vessel,
and determine the total mass M,. Calculate the bulk density p
g by the formula:

pp=M,—My)/V

pg: Bulk density by constant volume method (g/mL)
M,: Total mass of powder and measuring vessel (g)
M,: Mass of measuring vessel (g)

V': Volume of measuring vessel (mL)

Record the average of 3 determinations using 3 different
powder samples.
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Tapped density

Tapped density is an apparent density obtained by mechan-
ically tapping a measuring vessel containing a powder sam-
ple. The determination of tapped density is achieved by meas-
uring the apparent volume of a powder sample having a
known mass in a vessel after tapping (Method 1) or by meas-
uring the mass of powder in a vessel having a known volume
after tapping (Method 2).

Method 1 (Constant mass method)

Unless otherwise specified, pass a quantity of sample
sufficient to complete the test through a 1000-um (No.16) or a
710-um (No.22) sieve to break up agglomerates that may
have formed during storage. Weigh accurately about 100 g of
test sample, and pour it into a 250-mL graduated glass cylin-
der (readable to 2 mL) without consolidation. If it is not pos-
sible to use 100 g, proceed according to the same procedure as
that described above by using a 100-mL graduated glass
cylinder (readable to 1 mL). It is essential to select appropri-
ate masses of the cylinder support, holder and cylinder so as
to ensure the dynamic stability of the apparatus during tap-
ping. After attaching the glass cylinder containing the pow-
der sample to the tapping apparatus, carry out tapping under
the measuring conditions (tapping rate and drop height) spe-
cified for each apparatus.

Unless otherwise specified, repeat increments of 50 taps or
1 minute until the difference between succeeding measure-
ments is less than 2%, and determine the final apparent
volume, V;. Calculate the tapped density pp by the formula:

pr=M/V;

pr: Tapped density by constant mass method (g/mL)
M : Mass of powder sample (g)
V;: Final apparent volume of sample after tapping (mL)

Record the average of 3 determinations using 3 different
powder samples.

Method 2 (Constant volume method)

Unless otherwise specified, pass a quantity of sample
sufficient to complete the test through a 1000-um (No.16)
sieve to break up agglomerates that may have formed during
storage. Attach a supplementary cylinder to the stainless steel
measuring vessel having a known mass of M, and a volume of
V (Fig. 3.01-1), and then pour an excess of the sample into
the vessel. After setting up the vessel in an adequate tapping
apparatus with a fixed drop height, carry out tapping at the
rate and cumulative tap number specified for each apparatus.
Then remove the supplementary cylinder from the vessel and
carefully scrape excess powder from the top of the vessel by
smoothly moving across it the edge of a slide glass or other
tool. Remove any material from the sides of the vessel, and
determine the total mass M;. Calculate the tapped density pr
by the formula:

pr=M,—My)/V

pr: Tapped density by constant volume method (g/mL)
M;: Total mass of powder and measuring vessel (g)
M,: Mass of measuring vessel (g)

V': Volume of measuring vessel (mL)

Record the average of 3 determinations and the relative
standard deviation using 3 different powder samples. If the
relative standard deviation is not less than 2%, repeat the test
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Measuring vessel

570

50.5

50.0

10.0 54.0

Supplementary cylinder

The figures are in mm used for a 100-mL measuring vessel and
supplementary cylinder for example.

Fig. 3.01-1 Measuring vessel (upper) and supplementary
cylinder (down)

with further tapping.

Balances: Use balances readable to the nearest 0.1 g.

3.02 Specific Surface Area
by Gas Adsorption

This test is harmonized with the European Pharmacopoeia
and the U. S. Pharmacopeia. The parts of the text that are
not harmonized are marked with symbols (* ).

*The specific surface area determination method is a
method to determine specific surface area (the total surface
area of powder per unit mass) of a pharmaceutical powder
sample by using gas adsorption method., The specific sur-
face area of a powder is determined by physical adsorption of
a gas on the surface of the solid and by calculating the
amount of adsorbate gas corresponding to a monomolecular
layer on the surface. Physical adsorption results from rela-
tively weak forces (van der Waals forces) between the adsor-
bate gas molecules and the adsorbent surface of the test pow-
der. The determination is usually carried out at the tempera-
ture of liquid nitrogen. The amount of gas adsorbed can be
measured by a volumetric or continuous flow procedure.
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MULTI-POINT MEASUREMENT

When the gas is physically adsorbed by the powder sample,
the following relationship (Brunauer, Emmett and Teller
(BET) adsorption isotherm) holds when the relative pressure
(P/Py) is in the range of 0.05 to 0.30 for pressure P of the ad-
sorbate gas in equilibrium for the volume of gas adsorbed,
V.

1/[Val(Po/P)—1]]
={(C=1)/VuC} X (P/Py)+(1/V,C) )]

P: Partial vapour pressure of adsorbate gas in equilibrium
with the surface at —195.8°C (b.p. of liquid nitrogen ), in
pascals,

P,: Saturated pressure of adsordate gas, in pascals,

V,: Volume of gas adsorbed at standard temperature and

pressure (STP) [0°C and atmospheric pressure (1.013 X 103

Pa)], in milliliters,

Va: Volume of gas adsorbed at STP to produce an apparent

monolayer on the sample surface, in milliliters,

C: Dimensionless constant that is related to the enthalpy of
adsorption of adsorbate gas on the powder sample.

A value of V, is measured at each of not less than 3 values
of P/P,. Then the BET value, 1/[V,{(Py,/P)—1}], is plotted
against P/ P, according to equation (1). This plot should yield
a straight line usually in the approximate relative pressure
range 0.05 to 0.3. The data are considered acceptable if the
correlation coefficient, r, of the linear regression is not less
than 0.9975; that is, 2 is not less than 0.995. From the result-
ing linear plot, the slope, which is equal to (C—1)/V,C, and
the intercept, which is equal to 1/V,C, are evaluated by
linear regression analysis. From these values, V,, is calculated
as 1/(slope+ intercept), while C is calculated as (slope/inter-
cept)+ 1. From the value of V,, so determined, the specific
surface area, S, in m2g~1, is calculated by the equation:

S=(VuNa)/(m x 22400) )]

N: Avogadro constant (6.022 %X 102 mol~1),

a: Effective cross-sectional area of one adsorbate molecule, in
square metres (0.162 nm? for nitrogen and 0.195 nm? for
krypton),

m: Mass of test powder, in grams,

Specific surface area is generally expressed in units of m2g~!.

SINGLE-POINT MEASUREMENT

Normally, at least 3 measurements of V, each at different
values of P/P, are required for the determination of specific
surface area by the dynamic flow gas adsorption technique
(Method I) or by volumetric gas adsorption (Method II).
However, under certain circumstances described below, it
may be acceptable to determine the specific surface area of a
powder from a single value of V, measured at a single value
of P/P, such as 0.30, using the following equation for cal-
culating V:

Vin=Vall = (P/Po)} 3

The single-point method may be employed directly for a s-
eries of powder samples of a given material for which the
material constant C is much greater than unity. Close similar-
ity between the single-point values and multiple-point values
suggests that 1/C approaches zero. The error on V,, can be
reduced by using the multiple-point method to evaluate C for
one of the samples of the series on which the material con-
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stant Cis expected to be large. Then V,, is calculated from the
single value of V, measured at a single value of P/P, by the
equation:

V= Val(Po/P) -~ 1}(1/C)+ {(C—1)/C} X (P/Py)]  (4)

SAMPLE PREPARATION

Before the specific surface area of the sample can be deter-
mined, it is necessary to remove gases and vapors that may
have become physically adsorbed onto the surface during
storage and handling. If outgassing is not achieved, the
specific surface area may be reduced or may be variable be-
cause an intermediate area of the surface is covered with
molecules of the previously adsorbed gases or vapors. The
outgassing conditions are critical for obtaining the required
precision and accuracy of specific surface area measurements
on pharmaceuticals because of the sensitivity of the surface
of the materials. The outgassing conditions must be demon-
strated to yield reproducible BET plots, a constant weight of
test powder, and no detectable physical or chemical changes
in the test powder.

The outgassing conditions defined by the temperature,
pressure and time should be so chosen that the original sur-
face of the solid is reproduced as closely as possible.

Outgassing of many substances is often achieved by ap-
plying a vacuum, by purging the sample in a flowing stream
of a non-reactive, dry gas, or by applying a desorption-ad-
sorption cycling method. In either case, elevated tempera-
tures are sometimes applied to increase the rate at which the
contaminants leave the surface. Caution should be exercised
when outgassing powder samples using elevated temperatures
to avoid affecting the nature of the surface and the integrity
of the sample.

If heating is employed, the recommended temperature and
time of outgassing are as low as possible to achieve
reproducible measurement of specific surface area in an ac-
ceptable time. For outgassing sensitive samples, other out-
gassing methods such as the desorption-adsorption cycling
method may be employed.

The standard technique is the adsorption of nitrogen at lig-
uid nitrogen temperature.

For powders of low specific surface area (<0.2 m2g~!) the
proportion adsorbed is low. In such cases the use of krypton
at liquid nitrogen temperature is preferred because the low
vapor pressure exerted by this gas greatly reduces error.

The use of larger sample quantities where feasible (equiva-
lent to 1 m? or greater total surface area using nitrogen) may
compensate for the errors in determining low surface areas.

All gases used must be free from moisture.

Accurately weigh a quantity of the test powder such that
the total surface of the sample is at least 1 m2 when the adsor-
bate is nitrogen and 0.5 m? when the adsorbate is krypton.
Lower quantities of sample may be used after appropriate
validation.

Adsorption of gas should be measured either by Method I
or Method II.

Method I: the dynamic flow method

In the dynamic flow method (see Fig. 3.02-1), the recom-
mended adsorbate gas is dry nitrogen or krypton, while heli-
um is employed as a diluent gas, which is not adsorbed under
the recommended conditions. A minimum of 3 mixtures of
the appropriate adsorbate gas with helium are required wi-
thin the P/P, range 0.05 to 0.30.
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A: Flow control valve K: Sample cell A: Vacuum gauge D: Vapor pressure manometer

B: Differential flow controller
C: On-off valve

D: Gas inlet

E: O ring seals

F: Cold trap

(5: Thermal equilibration tube
H: Detector

L: Self seals quick connection
M: Short path ballast

N: Detector

O: Path selection valve

P: Long pass ballast

Q): Flow meter

R: Outgassing station

S: Diffusion baffle
T: Vent

I: Digital display
J: Calibrating septum

Fig. 3.02-1 Schematic diagram of the dynamic flow
method apparatus

The gas detector-integrator should provide a signal that is
approximately proportional to the volume of the gas passing
through it under defined conditions of temperature and pres-
sure. For this purpose, a thermal conductivity detector with
an electronic integrator is one among various suitable types.
A minimum of 3 data points within the recommended range
of 0.05 to 0.30 for P/P, is to be determined.

A known mixture of the gases, usually nitrogen and heli-
um, is passed through a thermal conductivity cell, through
the sample again through the thermal conductivity cell and
then to a recording potentiometer.

Immerse the sample cell in liquid nitrogen, then the sample
adsorbs nitrogen from the mobile phase. This unbalances the
thermal conductivity cell, and a pulse is generated on a
recorder chart.

Remove from the coolant; this gives a desorption peak
equal in area and in the opposite direction to the adsorption
peak.

Since this is better defined than the adsorption peak, it is
the one used for the determination.

To effect the calibration, inject a known quantity of adsor-
bate into the system, sufficient to give a peak of similar mag-
nitude to the desorption peak and obtain the proportion of
gas volume per unit peak area.

Method II: the volumetric method

In the volumetric method (see Figure 3.02-2), the recom-
mended adsorbate gas is nitrogen is admitted into the
evacuated space above the previously outgassed powder sam-
ple to give a defined equilibrium pressure, P, of the gas. The
use of a diluent gas, such as helium, is therefore unnecessary,
although helium may be employed for other purposes, such
as to measure the dead volume.

Admit a small amount of dry nitrogen into the sample tube

E: Vacuum and air
F: Cold traps and vacuum pumps

B: Nitrogen reservoir
C: Helium reservoir

Fig. 3.02-2 Schematic diagram of the volumetric
method apparatus

to prevent contamination of the clean surface, remove the
sample tube, insert the stopper, and weigh it. Calculate the
weight of the sample. Attach the sample tube to the volumet-
ric apparatus. Cautiously evacuate the sample down to the
specified pressure (e.g. between 2 Pa and 10 Pa).

If the principle of operation of the instrument requires the
determination of the dead volume in the sample tube, this
procedure is carried out at this point, followed by evacuation
of the sample. Raise a Dewar vessel containing liquid nitro-
gen up to a defined point on the sample cell. Admit a
sufficient volume of adsorbate gas to give the lowest desired
relative pressure. Measure the volume adsorbed, V,. For mul-
tipoint measurements, repeat the measurement of V, at suc-
cessively higher P/ P, values. When nitrogen is used as the ad-
sorbate gas, P/P, values of 0.10, 0.20, and 0.30 are often
suitable.

REFERENCE MATERIALS

Periodically verify the functioning of the apparatus using
appropriate reference materials of known surface area, such
as o-alumina for specific surface area determination, which
should have a specific surface area similar to that the sample
to be examined.

3.03 Powder Particle Density
Determination

Powder Particle Density Determination is a method to
determine particle density of powdered pharmaceutical drugs
or raw materials of drugs, and the gas displacement pycnom-
eter is generally used. The powder density by this method is
determined with an assumption that the volume of the gas
displaced by the powder in a closed system is equal to the
volume of the powder. The bulk density at loose packing or
the tapped density at tapping express the apparent densities
of the powder, since interparticulate void volume of the pow-
der is assumed to contribute a part of the volume of the pow-
der. On the contrary, the pycnometric particle density ex-
presses the powder density nearly equal to the crystal density,
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since the volume of the powder, that is deducted with void
volume of open pores accessible to gas, is counted.

Powder particle density is expressed in mass per unit
volume (kg/m3), and generally expressed in g/cm3.

Apparatus

The schematic diagram of particle density apparatus for
gas displacement pycnometric measurement is shown in Fig.
3.03-1. The apparatus consists of a test cell in which the sam-
ple is placed, a reference cell and a manometer.

Generally, helium is used as the measurement gas. The
apparatus has to be equipped with a system capable of
pressuring the test cell to the defined pressure through the
manometer.

Calibration of apparatus The volumes of the test cell (V)
and the reference cell (V;) must be accurately determined to
the nearest 0.001 cm?, and to assure accuracy of the results of
volume obtained, calibration of the apparatus is carried out
as follows using a calibration ball of known volume for parti-
cle density measurement. The final pressures (P;) are deter-
mined for the initial empty test cell followed by the test cell
placed with the calibration ball for particle density measure-
ment in accordance with the procedures, and V., and V; are
calculated using the equation described in the section of
Procedure. Calculation can be made taking into account that
the sample volume (V) is zero in the first run.

Procedure

The measurement of the particle density is carried out
between 15 and 30°C, and temperature must not vary by
more than 2°C during the course of measurement.

Firstly, weigh the mass of the test cell and record it. After
weighing out the amount of the sample as described in the in-
dividual monograph and placing it in the test cell, seal the cell
in the pycnometer. Secondly, introduce the measurement gas
(helium) into the test cell, and remove volatile contaminants
in the powder. If necessary, keep the sample powder under
reduced pressure to remove the volatile contaminants in ad-
vance and use it as the test sample for measurement.

Open the valve which connects the reference cell with the
test cell, confirm with the manometer that the pressure inside
the system is stable, and then read the system reference
pressure (P;). Secondly, close the valve that connects to the
two cells, and introduce the measurement gas into the test cell
to achieve positive pressure. Confirm with the manometer
that the pressure inside the system is stable, and then read the
initial pressure (P;). Open the valve to connect the test cell
with the reference cell. After confirming that the indicator of
the manometer is stable, read the final pressure (P;), and cal-
culate the sample volume (V) with the following equation.

Vi
Ve hop |
P;—P, -1

V.: Reference cell volume (cm?)
V.: Test cell volume (cm?)

V,: Sample volume (cm?)

P;: Initial pressure (kPa)

P;: Final pressure (kPa)

P,: Reference pressure (kPa)

Repeat the measurement sequence for the same powder
sample until consecutive measurements of the sample volume
agree to within 0.5%, and calculate the mean of sample
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Vr: Reference cell volume (cm3)
Ve: Test cell volume (cm®)

Vs: Sample volume (cm?)

M: Manometer

X
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Fig. 3.03-1 Schematic diagram of a gas displacement
pycnometer

volumes (V;). Finally, unload the test cell, weigh the mass of
test cell, and calculate the final sample mass by deducting the
empty cell mass from the test cell mass. The powder particle
density p is calculated by the following equation.

p=m/Vy

p: Powder particle density (g/cm?)
m: Final sample mass (g)
Vi: Sample volume (cm?)

3.04 Particle Size Determination

This test is harmonized with the European Pharmacopoeia
and the U. S. Pharmacopeia. The parts of the text that are
not harmonized are marked with symbols (* ).

*Particle Size Determination is a method to determine di-
rectly or indirectly morphological appearance, shape, size
and its distribution of powdered pharmaceutical drugs and
excipients to examine their micromeritic properties. Optical
microscopy and analytical sieving method may be used de-
pending on the measuring purpose and the properties of test
specimen. o

Method 1. Optical Microscopy

*The optical microscopy is used to observe the morpholog-
ical appearance and shape of individual particle either di-
rectly with the naked eye or by using a microscopic photo-
graph, in order to measure the particle size. The particle size
distribution can also be determined by this method. It is also
possible with this method to measure the size of the individ-
ual particle even when different kinds of particles mingle if
they are optically distinguishable. Data processing tech-
niques, such as image analysis, can be useful for determining
the particle size distribution. ¢

This method for particle characterization can generally be
applied to particles 1 um and greater. The lower limit is im-
posed by the resolving power of the microscope. The upper
limit is less definite and is determined by the increased
difficulty associated with the characterization of larger parti-
cles. Various alternative techniques are available for particle
characterization outside the applicable range of optical
microscopy. Optical microscopy is particularly useful for
characterizing particles that are not spherical. This method
may also serve as a base for the calibration of faster and more
routine methods that may be developed.
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Apparatus—Use a microscope that is stable and protected
from vibration. The microscope magnification (product of
the objective magnification, ocular magnification, and addi-
tional magnifying components) must be sufficient to allow
adequate characterization of the smallest particles to be clas-
sified in the test specimen. The greatest numerical aperture of
the objective should be sought for each magnification range.
Polarizing filters may be used in conjunction with suitable
analyzers and retardation plates. Color filters of relatively
narrow spectral transmission should be used with achromatic
objectives and are preferable with apochromats and are re-
quired for appropriate color rendition in photomicrography.
Condensers corrected for at least spherical aberration should
be used in the microscope substage and with the lamp. The
numerical aperture of the substage condenser should match
that of the objective under the condition of use; this is affect-
ed by the actual aperture of the condenser diaphragm and the
presence of immersion oils.

Adjustment—The precise alignment of all elements of the
optical system and proper focusing are essential. The focus-
ing of the elements should be done in accordance with the
recommendations of the microscope manufacturer. Critical
axial alignment is recommended.

Illumination—A requirement for good illumination is a
uniform and adjustable intensity of light over the entire field
of view; Kohler illumination is preferred. With colored parti-
cles, choose the color of the filters used so as to control the
contrast and detail of the image.

Visual Characterization—The magnification and numeri-
cal aperture should be sufficiently high to allow adequate
resolution of the images of the particles to be characterized.
Determine the actual magnification using a calibrated stage
micrometer to calibrate an ocular micrometer. Errors can be
minimized if the magnification is sufficient that the image of
the particle is at least 10 ocular divisions. Each objective must
be calibrated separately. To calibrate the ocular scale, the
stage micrometer scale and the ocular scale should be aligned.
In this way, a precise determination of the distance between
ocular stage divisions can be made.

*When the particle size is measured, an ocular micrometer
is inserted at the position of the ocular diaphragm, and a
calibrated stage micrometer is placed at the center of the
microscope stage and fixed in place. The ocular is attached to
the lens barrel and adjusted to the focus point of the stage
micrometer scale. Then, the distance between the scales of
the two micrometers is determined, and the sample size e-
quivalent 1 division of the ocular scale is calculated using the
following formula:

The particle size equivalent 1 division on the ocular scale
(um)=Length on the stage micrometer (um)/Number of
scale divisions on the ocular micrometer

The stage micrometer is removed and the test specimen is
placed on the microscope stage. After adjusting the focus,
the particle sizes are determined from the number of scale di-
visions read through the ocular.

Several different magnifications may be necessary to
characterize materials having a wide particle size distribution.

Photographic Characterization—If particle size is to be de-
termined by photographic methods, take care to ensure that
the object is sharply focused at the plane of the photographic
emulsion. Determine the actual magnification by pho-
tographing a calibrated stage micrometer, using photograph-
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ic film of sufficient speed, resolving power, and contrast. Ex-
posure and processing should be identical for photographs of
both the test specimen and the determination of magnifica-
tion. The apparent size of a photographic image is influenced
by the exposure, development, and printing processes as well
as by the resolving power of the microscope.

Preparation of the Mount—The mounting medium will
vary according to the physical properties of the test specimen.
Sufficient, but not excessive, contrast between the specimen
and the mounting medium is required to ensure adequate de-
tail of the specimen edge. The particles should rest in one
plane and be adequately dispersed to distinguish individual
particles of interest. Furthermore, the particles must be
representative of the distribution of sizes in the material and
must not be altered during preparation of the mount. Care
should be taken to ensure that this important requirement is
met. Selection of the mounting medium must include a con-
sideration of the analyte solubility.

Crystallinity Characterization—The crystallinity of a
material may be characterized to determine compliance with
the crystallinity requirement where stated in the individual
monograph of a drug substance. Unless otherwise specified in
the individual monograph, mount a few particles of the speci-
men in mineral oil on a clean glass slide. Examine the mixture
using a polarizing microscope: the particles show birefringen-
ce(interference colors) and extinction positions when the
microscope stage is revolved.

Limit Test of Particle Size by Microscopy—Weigh a suita-
ble quantity of the powder to be examined (for example, 10
to 100 mg), and suspend it in 10 mL of a suitable medium in
which the powder does not dissolve, adding, if necessary, a
wetting agent. A homogeneous suspension of particles can be
maintained by suspending the particles in a medium of simi-
lar or matching density and by providing adequate agitation.
Introduce a portion of the homogeneous suspension into a
suitable counting cell, and scan under a microscope an area
corresponding to not less than 10 ug of the powder to be ex-
amined. Count all the particles having a maximum dimension
greater than the prescribed size limit. The size limit and the
permitted number of particles exceeding the limit are defined
for each substance.

Particle Size Characterization—The measurement of parti-
cle size varies in complexity depending on the shape of the
particle and the number of particles characterized must be
sufficient to insure an acceptable level of uncertainty in the
measured parameters!). For spherical particles, size is defined
by the diameter. For irregular particles, a variety of defini-
tions of particle size exist. In general, for irregularly shaped
particles, characterization of particle size must also include
information on the type of diameter measured as well as in-
formation on particle shape. Several commonly used mea-
surements of particle size are defined below (see Fig. 3.04-1):

Feret’s Diameter—The distance between imaginary
parallel lines tangent to a randomly oriented particle and per-
pendicular to the ocular scale.

Martin’s Diameter—The diameter of the particle at the
point that divides a randomly oriented particle into two equal
projected areas.

Projected area Diameter—The diameter of a circle that has
the same projected are as the particle.

Length—The longest dimension from edge to edge of a
particle oriented parallel to the ocular scale.

Width—The longest dimension of the particle measured at
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Table 3.04-1. Sizes of Standard Sieve Series in Range of Interest

ISO Nominal Aperture

Principal Supplementary US Sieve Recommended European Japan
sizes sizes No. USP Sieves Sieve No. Sieve No.
(mesh)
R 20/3 R 20 R 40/3
11.20 mm 11.20 mm 11.20 mm 11200
10.00 mm
9.50 mm
9.00 mm
8.00 mm 8.00 mm 8.00 mm
7.10 mm
6.70 mm
6.30 mm
5.60 mm 5.60 mm 5.60 mm 5600 3.5
5.00 mm
4.75 mm 4
4.50 mm
4.00 mm 4.00 mm 4.00 mm 5 4000 4000 4.7
3.55 mm
3.35 mm 6 5.5
3.15 mm
2.80 mm 2.80 mm 2.80 mm 7 2800 2800 6.5
2.50 mm
2.36 mm 8 7.5
2.24 mm
2.00 mm 2.00 mm 2.00 mm 10 2000 2000 8.6
1.80 mm
1.70 mm 12 10
1.60 mm
1.40 mm 1.40 mm 1.40 mm 14 1400 1400 12
1.25 mm
1.18 mm 16 14
1.12 mm
1.00 mm 1.00 mm 1.00 mm 18 1000 1000 16
900 um
850 yum 20 18
800 um
710 um 710 um 710 um 25 710 710 22
630 um
600 um 30 26
560 um
500 um 500 um 500 um 35 500 500 30
450 um
425 ym 40 36
400 um
355 um 355 um 355 um 45 355 355 42
315 um
300 um 50 50
280 um
250 ym 250 ym 250 ym 60 250 250 60
224 um
212 ym 70 70
200 um
180 um 180 um 180 um 80 180 180 83
160 um
150 ym 100 100
140 ym
125 ym 125 ym 125 ym 120 125 125 119
112 um
106 um 140 140
100 um
90 um 90 um 90 um 170 90 90 166
80 um
75 um 200 200
71 um
63 um 63 um 63 um 230 63 63 235
56 ym
53 ym 270 282
50 um
45 uym 45 uym 45 uym 325 45 45 330
40 um
38 um 38 391
right angles to the length. der should be checked using appropriate magnification. The
Particle Shape Characterization—For irregularly shaped following defines some commonly used descriptors of particle
particles, characterization of particle size must also include shape (see Fig. 3.04-2):

information on particle shape. The homogeneity of the pow- Acicular—Slender, needle-like particle of similar width
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Fig. 3.04-1 Commonly used measurements of particle
size

and thickness.

Columnar—Long, thin particle with a width and thickness
that are greater than those of an acicular particle.

Flake—Thin, flat particle of similar length and width.

Plate—Flat particles of similar length and width but with
greater thickness than flakes.

Lath—Long, thin, and blade-like particle.

Equant—Particles of similar length, width, and thickness;
both cubical and spherical particles are included.

General Observations—A particle is generally considered
to be the smallest discrete unit. A particle may be a liquid or
semisolid droplet; a single crystal or polycrystalline; amor-
phous or an agglomerate. Particles may be associated. This
degree of association may be described by the following
terms:

Lamellar—Stacked plates.

Aggregate—Mass of adhered particles.

Agglomerate—Fused or cemented particles.

Conglomerate—Mixture of two or more types of particles.

Spherulite—Radial cluster.

Drusy—Particle covered with tiny particles.

Particle condition may be described by the following
terms:

Edges—Angular, rounded, smooth, sharp, fractured.

Optical—Color (using proper color balancing filters),
transparent, translucent, opaque.

Defects—Occlusions, inclusions.

Surface characteristics may be described as:

Cracked—Partial split, break, or fissure.

Smooth—Free of irregularities, roughness, or projections.

Porous—Having openings or passageways.

Rough—Bumpy, uneven, not smooth.

Pitted—Small indentations.

Method 2. Analytical Sieving Method

*The analytical sieving method is a method to estimate the
particle size distribution of powdered pharmaceutical drugs
by sieving. The particle size determined by this method is
shown as the size of a minimum sieve opening through which
the particle passes. ‘“‘Powder’’ here means a gathering of
numerous solid particles.

Sieving is one of the oldest methods of classifying powders
and granules by particle size distribution. When using a
woven sieve cloth, the sieving will essentially sort the particles
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Fig. 3.04-2 Commonly used descriptions of particle
shape

by their intermediate size dimension(i.e., breadth or width).
Mechanical sieving is most suitable where the majority of the
particles are larger than about 75 um. For smaller particles,
the light weight provides insufficient force during sieving to
overcome the surface forces of cohesion and adhesion that
cause the particles to stick to each other and to the sieve, and
thus cause particles that would be expected to pass through
the sieve to be retained. For such materials other means of
agitation such as air-jet sieving or sonic sifting may be more
appropriate. Nevertheless, sieving can sometimes be used for
some powders or granules having median particle sizes
smaller than 75 um where the method can be validated. In
pharmaceutical terms, sieving is usually the method of choice
for classification of the coarser grades of single powders or
granules. It is a particularly attractive method in that pow-
ders and granules are classified only on the basis of particle
size, and in most cases the analysis can be carried out in the
dry state.

Among the limitations of sieving method are the need for
an appreciable amount of sample (normally at least 25 g, de-
pending on the density of the powder or granule, and the di-
ameter of test sieves) and difficulty in sieving oily or other co-
hesive powders or granules that tend to clog the sieve open-
ings. The method is essentially a two-dimensional estimate of
size because passage through the sieve aperture is frequently
more dependent on maximum width and thickness than on
length.

This method is intended for estimation of the total particle
size distribution of a single material. It is not intended for de-
termination of the proportion of particles passing or retained
on one or two sieves.

Estimate the particle size distribution as described under
Dry Sieving Method, unless otherwise specified in the individ-
ual monograph. Where difficulty is experienced in reaching
the endpoint (i.e., material does not readily pass through the
sieves) or when it is necessary to use the finer end of the siev-
ing range (below 75 um), serious consideration should be
given to the use of an alternative particle-sizing method.

Sieving should be carried out under conditions that do not
cause the test sample to gain or lose moisture. The relative
humidity of the environment in which the sieving is carried
out should be controlled to prevent moisture uptake or loss
by the sample. In the absence of evidence to the contrary,
analytical test sieving is normally carried at ambient humidi-
ty. Any special conditions that apply to a particular material
should be detailed in the individual monograph.

Principles of Analytical Sieving—Analytical test sieves are
constructed from a woven-wire mesh, which is of simple
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weave that is assumed to give nearly square apertures and is
sealed into the base of an open cylindrical container. The bas-
ic analytical method involves stacking the sieves on top of
one another in ascending degrees of coarseness, and then
placing the test powder on the top sieve.

The nest of sieves is subjected to a standardized period of
agitation, and then the weight of material retained on each
sieve is accurately determined. The test gives the weight per-
centage of powder in each sieve size range.

This sieving process for estimating the particle size distri-
bution of a single pharmaceutical powder is generally intend-
ed for use where at least 80% of the particles are larger than
75 um. The size parameter involved in determining particle
size distribution by analytical sieving is the length of the side
of the minimum square aperture through which the particle
will pass.

TEST SIEVES

Test sieves suitable for pharmacopoeial tests conform to
the most current edition of International Organisation for
Standardization (ISO) Specification ISO 3310-1; Test
sieves—Technical requirements and testing (see Table
3.04-1). Unless otherwise specified in the monograph, use
those ISO sieves listed in the Table as recommended in the
particular region.

Sieves are selected to cover the entire range of particle sizes
present in the test specimen. A nest of sieves having a ﬁ
progression of the area of the sieve openings is recommend-
ed. The nest of sieves is assembled with the coarsest screen at
the top and the finest at the bottom. Use micrometers or mil-
limeters in denoting test sieve openings. [Note—Mesh num-
bers are provided in the table for conversion purposes only.]
Test sieves are made from stainless steel or, less preferably,
from brass or other suitable non-reactive wire.

Calibration and recalibration of test sieves is in accordance
with the most current edition of ISO 3310-12. Sieves should
be carefully examined for gross distortions and fractures, es-
pecially at their screen frame joints, before use. Sieves may
be calibrated optically to estimate the average opening size,
and opening variability, of the sieve mesh. Alternatively, for
the valuation of the effective opening of test sieves in the size
range of 212 to 850 um, Standard Glass Spheres are availa-
ble. Unless otherwise specified in the individual monograph,
perform the sieve analysis at controlled room temperature
and at ambient relative humidity.

Cleaning Test Sieves—Ideally, test sieves should be cleaned
using only an air jet or a liquid stream. If some apertures
remain blocked by test particles, careful gentle brushing may
be used as a last resort.

Test Specimen—If the test specimen weight is not given in
the monograph for a particular material, use a test specimen
having a weight between 25 and 100 g, depending on the bulk
density of the material, and test sieves having a 200 mm di-
ameter. For 76 mm sieves the amount of material that can be
accommodated is approximately 1/7t that which can be ac-
commodated on a 200 mm sieve. Determine the most ap-
propriate weight for a given material by test sieving accurate-
ly weighed specimens of different weights, such as 25, 50, and
100 g, for the same time period on a mechanical shaker.
[Note—If the test results are similar for the 25-g and 50-g
specimens, but the 100-g specimen shows a lower percentage
through the finest sieve, the 100-g specimen size is too large.]
Where only a specimen of 10 to 25 g is available, smaller di-
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ameter test sieves conforming to the same mesh specifications
may be substituted, but the endpoint must be re-determined.
The use of test samples having a smaller mass (e.g. down to 5
g) may be needed. For materials with low apparent particle
density, or for materials mainly comprising particles with a
highly iso-diametrical shape, specimen weights below 5 g for
a 200 mm screen may be necessary to avoid excessive block-
ing of the sieve. During validation of a particular sieve analy-
sis method, it is expected that the problem of sieve blocking
will have been addressed.

If the test material is prone to picking up or losing sig-
nificant amounts of water with varying humidity, the test
must be carried out in an appropriately controlled environ-
ment. Similarly, if the test material is known to develop an
electrostatic charge, careful observation must be made to en-
sure that such charging is not influencing the analysis. An an-
tistatic agent, such as colloidal silicon dioxide and/or alumi-
num oxide, may be added at a 0.5 percent (m/m) level to
minimize this effect. If both of the above effects cannot elimi-
nated, an alternative particle-sizing technique must be select-
ed.

Agitation Methods—Several different sieve and powder
agitation devices are commercially available, all of which
may be used to perform sieve analyses. However, the differ-
ent methods of agitation may give different results for sieve
analyses and endpoint determinations because of the different
types and magnitude of the forces acting on the individual
particles under test. Methods using mechanical agitation or
electromagnetic agitation, and that can include either a verti-
cal oscillation or a horizontal circular motion, or tapping or a
combination of both tapping and horizontal circular motion
are available. Entrainment of the particles in an air stream
may also be used. The results must indicate which agitation
method was used and the agitation parameters used (if they
can be varied), since changes in the agitation conditions will
give different results for the sieve analysis and endpoint deter-
minations, and may be sufficiently different to give a failing
result under some circumstances.

Endpoint Determination—The test sieving analysis is com-
plete when the weight on any of the test sieves does not
change by more than 5% or 0.1 g (10% in the case of 76 mm
sieves) of the previous weight on that sieve. If less than 5% of
the total specimen weight is present on a given sieve, the en-
dpoint for that sieve is increased to a weight change of not
more than 20% of the previous weight on that sieve.

If more than 50% of the total specimen weight is found on
any one sieve, unless this is indicated in the monograph, the
test should be repeated, but with the addition to the sieve nest
of a more coarse sieve intermediate between that carrying the
excessive weight and the next coarsest sieve in the original
nest, i.e., addition of the ISO series sieve omitted from the
nest of sieves.

SIEVING METHODS

Mechanical agitation

Dry Sieving Method—Tare each test sieve to the nearest
0.1 g. Place an accurately weighed quantity of test specimen
on the top (coarsest) sieve, and replace the lid. Agitate the
nest of sieves for 5 minutes. Then carefully remove each from
the nest without loss of material. *If there is some fine pow-
der on the down surface of each sieve, take if off by the brush
gently, and combine it with the sieve fraction retained on
each next down sieve., Reweigh each sieve, and determine
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the weight of material on each sieve. Determine the weight of
material in the collecting pan in a similar manner. Reassem-
ble the nest of sieves, and agitate for 5 minutes. Remove and
weigh each sieve as previously described. Repeat these steps
until the endpoint criteria are met (see Endpoint Determina-
tion under Test Sieves). Upon completion of the analysis,
reconcile the weights of material. Total losses must not ex-
ceed 5% of the weight of the original test specimen.

Repeat the analysis with a fresh specimen, but using a sin-
gle sieving time equal to that of the combined times used
above. Confirm that this sieving time conforms to the re-
quirements for endpoint determination. When this endpoint
has been validated for a specific material, then a single fixed
time of sieving may be used for future analyses, providing the
particle size distribution falls within normal variation.

If there is evidence that the particles retained on any sieve
are aggregates rather than single particles, the use of mechan-
ical dry sieving is unlikely to give good reproducibility, a
different particle size analysis method should be used.

Air Entrainment Methods

Air Jet and Sonic Shifter Sieving—Different types of com-
mercial equipment that use a moving air current are available
for sieving. A system that uses a single sieve at a time is
referred to as air jet sieving. It uses the same general sieving
methodology as that described under the Dry Sieving
Method, but with a standardized air jet replacing the normal
agitation mechanism. It requires sequential analyses on in-
dividual sieves starting with the finest sieve to obtain a parti-
cle size distribution. Air jet sieving often includes the use of
finer test sieves than used in ordinary dry sieving. This tech-
nique is more suitable where only oversize or undersize frac-
tions are needed.

In the sonic sifting method, a nest of sieves is used, and the
test specimen is carried in a vertically oscillating column of
air that lifts the specimen and then carries it back against the
mesh openings at a given number of pulses per minute. It
may be necessary to lower the sample amount to 5 g, when
sonic shifting is employed.

The air jet sieving and sonic sieving methods may be useful
for powders or granules when mechanical sieving techniques
are incapable of giving a meaningful analysis.

These methods are highly dependent upon proper disper-
sion of the powder in the air current. This requirement may
be hard to achieve if the method is used at the lower end of
the sieving range (i.e., below 75 um), when the particles tend
to be more cohesive, and especially if there is any tendency
for the material to develop an electrostatic charge. For the
above reasons endpoint determination is particularly critical,
and it is very important to confirm that the oversize material
comprises single particles and is not composed of aggregates.

INTERPRETATION

The raw data must include the weight of test specimen, the
total sieving time, and the precise sieving methodology and
the set values for any variable parameters, in addition to the
weights retained on the individual sieves and in the pan. It
may be convenient to convert the raw data into a cumulative
weight distribution, and if it is desired to express the distribu-
tion in terms of a cumulative weight undersize, the range of
sieves used should include a sieve through which all the
material passes. If there is evidence on any of the test sieves
that the material remaining on it is composed of aggregates
formed during the sieving process, the analysis is invalid.
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DAdditional information on particle size measurement, sample size,
and data analysis is available, for example, in ISO 9276.
2International Organization for Standardization (ISO) Specification
ISO 3310-1; Test sieves-Technical requirements and testing

4. Biological Tests/Biochemical
Tests/Microbial Tests

4.01 Bacterial Endotoxins Test

This test is harmonized with the European Pharmacopoeia
and the U. S. Pharmacopeia. The parts of the text that are
not harmonized are marked with symbols (* ).

Bacterial Endotoxins Test is a test to detect or quantify
bacterial endotoxins of gram-negative bacterial origin using a
lysate reagent prepared from blood corpuscle extracts of
horseshoe crab (Limulus polyphemus or Tachypleus tridenta-
tus). There are two types of techniques for this test: the gel-
clot techniques, which are based on gel formation by the
reaction of the lysate TS with endotoxins, and the photomet-
ric techniques, which are based on endotoxin-induced optical
changes of the lysate TS. The latter include turbidimetric
techniques, which are based on the change in lysate TS tur-
bidity during gel formation, and chromogenic techniques,
which are based on the development of color after cleavage
of a synthetic peptide-chromogen complex.

Proceed by any one of these techniques for the test. In the
event of doubt or dispute, the final decision is made based on
the gel-clot techniques, unless otherwise indicated.

The test is carried out in a manner that avoids endotoxin
contamination.

Apparatus

Depyrogenate all glassware and other heat-stable materials
in a hot-air oven using a validated process. Commonly used
minimum time and temperature settings are 30 minutes at
250°C. If employing plastic apparatus, such as multi-well
plates and tips for micropipettes, use only that which has
been shown to be free of detectable endotoxin and which
does not interfere with the test.

Preparation of Standard Endotoxin Stock Solution
*Prepare Standard Endotoxin Stock Solution by dissolv-
ing Endotoxin 10000 Reference Standard or Endotoxin 100
Reference Standard in water for bacterial endotoxins test
(BET).+ Endotoxin is expressed in Endotoxin Units (EU).
One EU is equal to one International Unit (IU) of endotoxin.

Preparation of Standard Endotoxin Solution

After mixing Standard Endotoxin Stock Solution
thoroughly, prepare appropriate serial dilutions of Standard
Endotoxin Solution, using water for BET. Use dilutions as
soon as possible to avoid loss of activity by adsorption.

Preparation of sample solutions

Unless otherwise specified, prepare sample solutions by
dissolving or diluting drugs, using water for BET. ®*Sample
solutions for containers for medicines should be prepared
according to other specified procedures. o If necessary, adjust
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the pH of the solution to be examined so that the pH of the
mixture of the lysate TS and sample solution falls within the
specified pH range for the lysate reagent to be used. This
usually applies to a sample solution with a pH in the range of
6.0 to 8.0. TSs or solutions used for adjustment of pH may
be prepared using water for BET, and then stored in contain-
ers free of detectable endotoxin.

Determination of Maximum Valid Dilution

The Maximum Valid Dilution (MVD) is the maximum
allowable dilution of a sample solution at which the endotox-
in limit can be determined.

Determine the MVD from the following equation:

Endotoxin limit
X Concentration of sample solution

A

MVD =

Endotoxin limit:

The endotoxin limit for injections, defined on the basis
of dose, equals K/M, where K is a minimum pyrogenic
dose of endotoxin per kg body mass (EU/kg), and M is
equal to the maximum dose of product per kg of body
mass in a single hour period.

Concentration of sample solution:
mg/mL in the case of endotoxin limit specified by mass
(EU/mg)

*mEqg/mL in the case of endotoxin limit specified by
equivalent (EU/mEq)«

Units/mL in the case of endotoxin limit specified by bio-
logical unit (EU/Unit)

mL/mL in the case of endotoxin limit specified by
volume (EU/mL)

A : the labeled lysate reagent sensitivity in the gel-clot tech-
niques (EU/mL) or the lowest point used (EU/mL) in the
standard regression curve of the turbidimetric or chro-
mogenic techniques

Gel-clot techniques

The gel-clot techniques detect or quantify endotoxins
based on clotting of the lysate TS in the presence of endotox-
in. To ensure both the precision and validity of the test, per-
form the tests for confirming the labeled lysate reagent sen-
sitivity and for interfering factors as described under
Preparatory testing.

(1) Preparatory testing

(i) Test for confirmation of labeled lysate reagent sen-

sitivity

The labeled sensitivity of lysate reagent is defined as the
lowest concentration of endotoxin that is needed to cause the
lysate TS to clot under the conditions specified for the lysate
reagent to be used.

The test for confirmation of the labeled lysate reagent sen-
sitivity is to be carried out when each new lot of lysate reagent
is used or when there is any change in the experimental condi-
tions which may affect the outcome of the test. Perform the
test by the following procedures.

Prepare standard solutions having four concentrations
equivalentto 2 A, A, 0.5 A and 0.25 A by diluting the Standard
Endotoxin Stock Solution with water for BET. Prepare the
lysate TS by dissolving the lysate reagent with water for BET
or a suitable buffer. Mix a volume of the lysate TS with an
equal volume of one of the standard solutions (usually, 0.1
mL aliquots) in each test tube. When single test vials or
ampoules containing lyophilized lysate reagent are used, add
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solutions directly to the vial or ampoule.

Keep the tubes (or containers such as vials or ampoules)
containing the reaction mixture usually at 37 = 1°C for 60 =
2 minutes, avoiding vibration. To test the integrity of the gel
after incubation, invert each tube or container through ap-
proximately 180° in one smooth motion. If a firm gel has
formed that remains in place upon inversion, record the
result as positive. A result is negative if either a firm gel is not
formed, or if a fragile gel has formed but flows out upon
inversion.

Making the standard solutions of four concentrations one
set, test four replicates of the set.

The test is not valid unless 0.25 A of the standard solution
shows a negative result in each set of tests. If the test is not
valid, repeat the test after verifying the test conditions.

The endpoint is the last positive test in the series of decreas-
ing concentrations of endotoxin. Calculate the geometric
mean endpoint concentration using the following formula:

Geometric Mean Endpoint Concentration = antilog (Xe/f)

Ye=the sum of the log endpoint concentrations of the

dilution series used

f=the number of replicates

If the geometric mean endpoint concentration is not less
than 0.5 2 and not more than 2.0 A, the labeled sensitivity is
confirmed.

(ii) Test for interfering factors

This test is performed to check for the presence of enhanc-
ing or inhibiting factors for the reaction in sample solutions.

Following Table 4.01-1, prepare solutions A and B using a
sample solution under test, and solutions C and D using
water for BET. Test solutions A and B and solutions C and D
in quadruplicate and in duplicate, respectively. Concerning
the incubation temperature, incubation time, and procedure
for the confirmation of gel formation, follow the procedure
under (i) Test for confirmation of labeled lysate reagent
sensitivity of (1) Preparatory testing.

The geometric mean endpoint concentrations of B and C
solutions are determined by using the formula described in (i)
Test for confirmation of labeled lysate reagent sensitivity of
(1) Preparatory testing.

This test must be repeated when there is any change in the
experimental conditions which may affect the outcome of the
test.

Table 4.01-1

Concentration of added .
. . . .. | Concentration of
. |endotoxin in each solution/| .. Dilution . |Number of
Solution . . Diluent added endotoxin .
Solution to which factor oo replicates
.. after dilution
endotoxin is added
A 0/Sample solution — — — 4
1 2
. Sample 2 12
B 2J,/Sample solution woltion| 4 051 4
8 0.251
1 24
Water for; 2 12
C 21/Water for BET BET s 051 2
8 0.251
D 0/Water for BET - - - 2
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The test is valid if solutions A and D show no reaction and
the result for solution C confirms the labeled sensitivity.

If the geometric mean endpoint concentration of solution
B is not less than 0.5 A and not greater than 2.0 A, the sample
solution being examined does not contain interfering factors
and complies with the test for interfering factors. Otherwise
the sample solution interferes with the test.

If the sample under test does not comply with the test at a
dilution less than the MVD, repeat the test using a greater di-
lution, not exceeding the MVD. Furthermore, interference of
the sample solution or diluted sample solution may be elimi-
nated by suitable treatment, such as filtration, neutralization,
dialysis or heat treatment.

(2) Limit test

Based on the formation of a firm gel in the presence of
endotoxin at above labeled lysate reagent sensitivity, this
method tests whether a sample solution contains endotoxin
not greater than the endotoxin limit.

(i) Procedure

Prepare solutions A, B, C and D according to Table
4.01-2. Making these four solutions one set, test two repli-
cates of the set.

In preparing solutions A and B, use the sample solutions
complying with (ii) Test for interfering factors of (1) Prepara-
tory testing. Concerning the test conditions including the in-
cubation temperature, incubation time, and procedure for
the confirmation of gel formation, follow the procedure un-
der (i) Test for confirmation of labeled lysate reagent sensitiv-
ity of (1) Preparatory testing.

Table 4.01-2

Concentration of added endotoxin in
each solution/Solution to which
endotoxin is added

Number of

Solution .
replicates

0/Sample solution

2A/Sample solution

22/Water for BET

glo|w| >
NN NN

0/Water for BET

(i) Interpretation

The test is valid when both replicates of solutions B and C
are positive and those of solution D are negative.

The sample meets the endotoxin limit requirement of the
test when a negative result is found for both replicates of
solution A.

Repeat the test in duplicate when the test results are posi-
tive for one test but negative for the other one. The sample
meets the endotoxin limit requirement of the test when a
negative result is found for both replicates of solution A in
the repeat test.

The sample does not meet the endotoxin limit requirement
of the test when a positive result is found for both replicates
of the solution A at a dilution equal to the MVD. If the test is
positive for the sample at a dilution less than the MVD, the
test may be performed at a dilution not greater than the
MVD.

(3) Assay

The test measures endotoxin concentrations of sample
solutions by titration to an endpoint of gel formation.

(i) Procedure

Prepare solutions A, B, C and D according to Table
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4.01-3. Making these four solutions one set, test two repli-
cates of the set. When preparing solutions A and B, use sam-
ple solutions complying with (ii) Test for interfering factors
of (1) Preparatory testing. Concerning the test conditions,
follow the procedure under (i) Test for confirmation of la-
beled lysate reagent sensitivity of (1) Preparatory testing.

Table 4.01-3

Concentration of added .
L . . .. | Concentration of
. |endotoxin in each solution/| . Dilution . |Number of
Solution . . Diluent + | added endotoxin .
Solution to which factor oo replicates
. after dilution
endotoxin is added
1 _
. Water for 2 -
A 0/Sample solution BET s _ 2
8 _
B 24/Sample solution - 1 21 2
1 2
Water for, 2 12
C 2A/Water for BET BET s 051 2
8 0.251
D 0/Water for BET — — — 2

* The dilution range of the dilution series of solution A may be changed as appropriate,

but not exceeding the MVD.

(ii) Calculation and interpretation

The test is valid when the following three conditions are
met: (a) both replicates of the negative control solution D are
negative, (b) both replicates of the positive product control
solution B are positive and (c) the geometric mean endpoint
concentration of solution C is in the range of 0.5 to 2 1.

The endpoint is defined as the maximum dilution showing
the last positive test in the dilution series of solution A, and
the endotoxin concentration of solution A is calculated by
multiplying the endpoint dilution factor by A.

Calculate the geometric mean endotoxin concentration of
the two replicates, using the formula given under (i) Test for
confirmation of labeled lysate reagent sensitivity of (1)
Preparatory testing.

If none of the dilutions of solution A is positive, report the
endotoxin concentration solution A as less than A Xthe
lowest dilution factor of solution A.

If all dilutions are positive, the endotoxin concentration of
solution A is reported as equal to or greater than the greatest
dilution factor of solution A multiplied by A.

Calculate the endotoxin concentration (in EU per mL, in
EU per mg or mEq or in EU per Unit) of the sample, based
on the mean endotoxin concentration of solution A. The
sample complies with the Bacterial Endotoxins Test <4.01> if
the endotoxin concentration of the sample meets the require-
ment for the endotoxin limit (in EU per mL, in EU per mg or
mEq or in EU per Unit) specified in the individual mono-
graph.

Photometric techniques

(1) Turbidimetric technique

This technique measures the endotoxin concentrations of
sample solutions based on the measurement of turbidity
change accompanying gel formation of the lysate TS. This
technique is classified as either endpoint-turbidimetric or
kinetic-turbidimetric.

The endpoint-turbidimetric technique is based on the
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quantitative relationship between the concentration of en-
dotoxins and the turbidity of the reaction mixture at a speci-
fied reaction time.

The kinetic-turbidimetric technique is based on the quan-
titative relationship between the concentration of endotoxins
and either the time needed to reach a predetermined turbidity
of the reaction mixture or the rate of turbidity development.

The test is usually carried out at 37 = 1°C, and turbidity is
expressed in terms of either absorbance or transmission.

(2) Chromogenic technique

This technique measures the endotoxin concentrations of
sample solutions based on the measurement of chromophore
released from a synthetic chromogenic substrate by the reac-
tion of endotoxins with the lysate TS. This technique is classi-
fied as either endpoint-chromogenic or kinetic-chromogenic.

The endpoint-chromogenic technique is based on the quan-
titative relationship between the concentration of endotoxins
and the release of chromophore at the end of an incubation
period.

The kinetic-chromogenic technique is based on the quan-
titative relationship between the concentration of endotoxins
and either the time needed to reach a predetermined absor-
bance (or transmittance) of the reaction mixture or the rate of
color development.

The test is usually carried out at 37 + 1°C.

(3) Preparatory testing

To assure the precision and validity of the turbidimetric or
chromogenic techniques, perform both Test for assurance of
criteria for the standard curve and Test for interfering fac-
tors, as indicated below.

(i) Test for assurance of criteria for the standard curve

*The test must be carried out for each lot of lysate
reagent. o

Using the Standard Endotoxin Solution, prepare at least
three endotoxin concentrations to generate the standard
curve within the range of endotoxin concentrations indicated
by the instructions for the lysate reagent used. Perform the
test using at least three replicates of each standard endotoxin
concentration according to the optimal conditions for the
lysate reagent used (with regard to volume ratios, incubation
time, temperature, pH, etc.). If the desired range is greater
than two logs, additional standards should be included to
bracket each log increase in the range of the standard curve.

The absolute value of the correlation coefficient, |r|, must
be greater than or equal to 0.980 for the range of endotoxin
concentrations set up.

If the test is not valid, repeat the test after verifying the test
conditions.

The test for assurance of criteria for the standard curve
must be repeated when any condition changes, which is likely
to influence the result of the test.

(i) Test for interfering factors

Prepare solutions A, B, C and D according to Table
4.01-4. Perform the test on these solutions following the op-
timal conditions for the lysate reagent used (with regard to
volume of sample solution and lysate TS, volume ratio of
sample solution to lysate TS, incubation time, etc.).

The test for interfering factors must be repeated when any
condition changes, which is likely to influence the result of
the test.
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Table 4.01-4
Solution Concentration of added Solution to which | Number of test
endotoxin in each solution endotoxin is added |tubes or wells
A |0 Sample solution*! | Not less than 2
B Middle concent*ratlon of the Sample solution*!  [Not less than 2
standard curve™
C | At least 3 concentrations* Water for BET Each not less than 2
D |0 Water for BET Not less than 2

*1  The sample solution may be diluted not to exceed the MVD.

*) Add the Standard Endotoxin Solution to the sample solution to make an endotoxin
concentration at or near the middle of the standard curve.

*3 The concentrations used in the test for the (i) Assurance of criteria for the standard
curve of (3) Preparatory testing.

*The test is not valid unless the following conditions are
met.

1: The absolute value of the correlation coefficient of the

standard curve generated using solution C is greater
than or equal to 0.980.

2: The result with solution D does not exceed the limit of
the blank value required in the description of the lysate
reagent employed, or it is less than the endotoxin de-
tection limit of the lysate reagent employed. o

Calculate the recovery of the endotoxin added to solution
B from the concentration found in solution B after subtract-
ing the endotoxin concentration found in solution A.

When the recovery of the endotoxin added to solution B is
within 50% to 200%, the sample solution under test is consi-
dered to be free of interfering factors.

*When the endotoxin recovery is out of the specified
range, the sample solution under test is considered to contain
interfering factors. If the sample under test does not comply
with the test, repeat the test using a greater dilution, not ex-
ceeding the MVD. Furthermore, interference of the sample
solution or diluted sample solution not to exceed the MVD
may be eliminated by suitable treatment, such as filtration,
neutralization, dialysis or heat treatment. o

(4) Assay

(i) Procedure

Prepare solutions A, B, C and D according to Table
4.01-4, and follow the procedure described in (ii) Test for in-
terfering factors of (3) Preparatory testing.

(ii) Calculation of endotoxin concentration

Calculate the endotoxin concentration of solution A using
the standard curve generated with solution C. The test is not
valid unless all the following requirements are met.

1: The absolute value of the correlation coefficient of the

standard curve generated using solution C is greater
than or equal to 0.980.

2: The endotoxin recovery, calculated from the concen-
tration found in solution B after subtracting the con-
centration of endotoxin found in solution A, is within
the range of 50% to 200%.

3: The result with solution D does not exceed the limit of
the blank value required in the description of the lysate
reagent employed, ®or it is less than the endotoxin de-
tection limit of the lysate reagent employed. o

(iii) Interpretation

The sample complies with the Bacterial Endotoxins Test if
the endotoxin concentration of the sample calculated from
the endotoxin concentration of solution A meets the require-
ment of the endotoxin limit (in EU per mL, in EU per mg or
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mEq or in EU per Unit) specified in the individual mono-
graph.

4.02 Microbial Assay for
Antibiotics

Microbial Assay for Antibiotics is a method to determine
the antimicrobial potency of antibiotics based on their an-
timicrobial activities. There are three methods for this test:
the cylinder-plate, perforated plate, and turbidimetric
methods. The former two are based on the measurement of
the size of the zones of microbial growth inhibition in a
nutrient agar medium, and the turbidimetric method is based
on the measurement of the inhibition of turbidity develop-
ment in a fluid medium with microbial growth. Unless other-
wise specified in the individual monograph, tests specified to
be carried out by the cylinder-plate method may be conduct-
ed under the same test conditions using the perforated plate
method instead. If necessary, first sterilize water, isotonic so-
dium chloride solution, buffer solutions, reagents, test solu-
tions and essential parts of measuring instruments and appli-
ances to be used for the test. In performing the test, precau-
tions must be taken to prevent biohazard.

I. Cylinder-plate method

The cylinder-plate method is a method to determine the an-
timicrobial potency of the antibiotic to be tested, and is based
on the measurement of the size of the zone of growth inhibi-
tion of a test organism by the use of cylinder-agar plates.

1. Test organisms
Use the test organism specified in the individual mono-
graph.

2. Culture media

Unless otherwise specified, use media with the following
compositions. When ‘peptone’ is indicated as an ingredient
of a medium, either meat peptone or casein peptone is applic-
able. Use sodium hydroxide TS or 1 mol/L hydrochloric acid
TS to adjust the pH of the medium to obtain the specified
value after sterilization. In the case of the medium for Bacil-
lus subtilis ATCC 6633, adjust the pH using ammonia TS,
potassium hydroxide TS or 1 mol/L hydrochloric acid TS. A
different medium to the one specified for each test organism
may be used if it has both a similar composition and an equal
or better growth efficiency of the test organism in comparison
with the specified medium. Unless otherwise specified, steri-
lize the media to be used in an autoclave.

(1) Agar media for seed and base layer

1) Medium for test organism Bacillus subtilis ATCC 6633

i. Peptone 50g
Meat extract 30¢g
Agar 150¢g
Water 1000 mL

Mix all the ingredients, and sterilize. Adjust the pH of the
solution so that it will be 7.8 to 8.0 after sterilization.

ii. Peptone 50g
Meat extract 30¢g
Trisodium citrate dihydrate 10.0 g
Agar 15.0¢g
Water 1000 mL

Mix all the ingredients, and sterilize. Adjust the pH of the
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solution so that it will be 6.5 to 6.6 after sterilization.
2) Medium for test organism Saccharomyces cerevisiae
ATCC 9763

Glucose 10.0 g
Peptone 94¢
Meat extract 24¢
Yeast extract 4.7 g
Sodium chloride 100 g
Agar 15.0¢g
Water 1000 mL

Mix all the ingredients, and sterilize. Adjust the pH of the
solution so that it will be 6.0 to 6.2 after sterilization.
3) Medium for other organisms

i. Glucose 1.0¢g
Peptone 6.0g
Meat extract 1.5¢g
Yeast extract 30¢g
Agar 150¢g
Water 1000 mL

Mix all the ingredients, and sterilize. Adjust the pH of the
solution so that it will be 6.5 to 6.6 after sterilization.

ii. Glucose 1.0¢g
Meat peptone 6.0¢g
Casein peptone 40¢g
Meat extract 15¢g
Yeast extract 30¢g
Agar 150¢g
Water 1000 mL

Mix all the ingredients, and sterilize. Adjust the pH of the
solution so that it will be 6.5 to 6.6 after sterilization.

iii. Peptone 10.0 g
Meat extract 50¢g
Sodium chloride 25¢g
Agar 15.0¢g
Water 1000 mL

Mix all the ingredients, and sterilize. Adjust the pH of the
solution so that it will be 6.5 to 6.6 after sterilization.

(2) Agar media for transferring test organisms

1) Medium for test organism Saccharomyces cerevisiae
ATCC 9763

Glucose 150¢g
Peptone 50¢g
Yeast extract 20¢g

Magnesium sulfate heptahydrate 05¢g
Potassium dihydrogen phosphate 1.0g
Agar 15.0¢g
Water 1000 mL
Mix all the ingredients, and sterilize. Adjust the pH of the
solution so that it will be 6.0 to 6.2 after sterilization.
2) Medium for other organisms

i. Glucose 1.0¢g
Meat peptone 6.0g
Casein peptone 40¢g
Meat extract 15¢g
Yeast extract 30¢g
Agar 150¢g
Water 1000 mL

Mix all the ingredients, and sterilize. Adjust the pH of the
solution so that it will be 6.5 to 6.6 after sterilization.

ii. Peptone 10.0 g
Meat extract 50¢g
Sodium chloride 25¢g

Agar 15.0¢g
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Water 1000 mL
Mix all the ingredients, and sterilize. Adjust the pH of the
solution so that it will be 6.5 to 6.6 after sterilization.

3. Preparation of agar slant or plate media

Unless otherwise specified, dispense approximately 9 mL
of melted agar medium in each test tube (approximately 16
mm in inside diameter), and make them as slant media, or
dispense approximately 20 mL of melted agar medium in
each Petri dish (approximately 90 mm in inside diameter),
and make them as plate media.

4. Preparation of stock suspensions of test spores or organ-
isms

Unless otherwise specified, prepare stock suspensions of
test spore or organism cultures as follows. Check the aspects
of the test spores or organisms as occasion demands.

(1) Preparation of a stock spore suspension of test organ-
ism Bacillus subtilis ATCC 6633

Inoculate the test organism onto the slant or plate of the
agar medium which was prepared for transferring the test or-
ganisms specified in 2 (2) 2) i. Incubate at 32 to 37°C for 16 to
24 hours. Inoculate the subcultured test organism onto a suit-
able volume of slant or plate of the agar medium (described
above), which was prepared for transferring the test organ-
isms specified in 2 (2) 2) ii. Then incubate at 32 to 37°C for
not less than 1 week to prepare spores. Suspend the spores in
isotonic sodium chloride solution, heat at 65°C for 30
minutes, and then centrifuge. Wash the spore sediment three
times with isotonic sodium chloride solution by means of cen-
trifugation. Re-suspend the spore sediment in water or iso-
tonic sodium chloride solution, and heat again at 65°C for 30
minutes to prepare the stock spore suspension. The concen-
tration of the test organism is confirmed with the turbidity or
absorbance, as occasion demands. Store the stock spore sus-
pension at a temperature not exceeding 5°C, and use within 6
months. If the stock spore suspension shows a clear and
definite zone of growth inhibition in an antibiotics potency
test using adequate antibiotics, it may be used for further 6
months.

(2) Preparation of a stock suspension of the test organ-
ism Saccharomyces cerevisiae ATCC 9763

Inoculate test organism onto the slant or plate agar medi-
um which has been prepared for transferring test organism
specified in 2 (2) 1). Incubate at 25 to 26°C for 40 to 48 hours.
The subculture should be performed at least three times. In-
oculate the subcultured test organism onto another slant or
plate of the agar medium (described above), and incubate at
25 to 26°C for 40 to 48 hours. Scrape away and suspend the
resulting growth from the agar surface in isotonic sodium
chloride solution, and use this as a stock suspension of the
test organism. The concentration of the test organism is con-
firmed with the turbidity or absorbance, as occasion de-
mands. Store the stock suspensions of the test organisms at a
temperature not exceeding 5°C, and use within 30 days.

(3) Preparation of a stock suspension of other test organ-
isms

Inoculate the test organism onto the slant or the plate of
the agar medium which has been prepared for transferring
the test organisms specified in 2 (2) 2) i. Incubate the inoculat-
ed slant at 32 to 37°C for 16 to 24 hours. The subculture
should be performed at least three times. Inoculate the sub-
cultured test organism onto another slant or plate agar medi-
um (described above), and incubate the slant at 32 to 37°C
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for 16 to 24 hours. Scrape away and suspend the resulting
growth from the agar surface in isotonic sodium chloride so-
lution, and use this as a stock suspension of the test organ-
ism. The concentration of the test organism is confirmed with
the turbidity or absorbance, as occasion demands. Store the
stock suspensions of the test organisms at a temperature not
exceeding 5°C, and use within 5 days.

5. Preparation of agar base layer plates

Unless otherwise specified, dispense 20 mL of the melted
agar medium for the base layer into each Petri dish, and in
the case of a large dish, dispense a quantity of the agar medi-
um to form a uniform layer 2 to 3 mm thick. Distribute the
agar evenly in each dish on a flat, level surface, and allow it to
harden.

6. Preparation of seeded agar layers

Unless otherwise specified, determine the volume of the
stock suspension of the spore or the test organism with which
the employed standard solution shows a clear and definite
zone of growth inhibition. Prepare the seeded agar layer by
mixing thoroughly the previously determined volume of
stock suspension of spore or test organism with agar medium
for the seed layer kept at 48 to 51°C. Usually, the rate of a
stock spore suspension and a stock suspension of the test or-
ganism to add to the agar medium for the seed layer are 0.1 to
1.0 vol% and 0.5 to 2.0 vol%, respectively.

7. Preparation of cylinder-agar plates

Dispense 4 to 6 mL of the seeded agar layer, which is speci-
fied in the individual monograph, on an agar base layer plate
in a Petri dish. In the case of large dishes, dispense a quantity
of the agar medium to form a uniform layer 1.5 to 2.5 mm
thick, and spread evenly over the surface before hardening.
After coagulating the agar, allow the plate to stand under a
clean atmosphere to exhale moisture vapor of the inside of
Petri or large dishes and water on the agar surface. Place 4
cylinders on an agar plate in a Petri dish so that the individual
cylinders are equidistant from the center of the plate and
equally spaced from one another (the cylinders are set on the
circumference of a circle of 25 to 28 mm radius). When large
dish plates are used, place cylinders on each plate according
to the method of preparation for Petri dish agar plates. A set
of 4 cylinders on each large dish plate is considered to be
equivalent to one Petri dish plate.

Use stainless steel cylinders with the following dimensions:
outside diameter 7.9 to 8.1 mm; inside diameter 5.9 to 6.1
mm; length 9.9 to 10.1 mm. The cylinders should not inter-
fere with the test. Prepare the cylinder-agar plates before use.

8. Standard solutions

Use both a standard solution of high concentration and
one of low concentration, as specified in the individual mono-
graph. Unless otherwise specified, prepare the standard solu-
tions before use.

9. Sample solutions

Use both a sample solution of high concentration and one
of low concentration, as specified in the individual mono-
graph. Unless otherwise specified, prepare the sample solu-
tions before use.

10. Procedure

Unless otherwise specified, use 5 cylinder-agar plates as one
assay set when Petri dishes are employed. When large dishes
are employed, the number of cylinders for one assay set
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should be equal to that defined when using Petri dishes. App-
ly the standard solution of high concentration and that of low
concentration to a pair of cylinders set opposite each other on
each plate. Apply the high and low concentration sample so-
lutions to the remaining 2 cylinders. The same volume of
these solutions must be added to each cylinder. Incubate the
plates at 32 to 37°C for 16 to 20 hours. Using a suitable meas-
uring tool, measure the diameters of circular inhibition zones
with a precision that can discriminate differences of at least
0.25 mm. Each procedure should be performed quickly un-
der clean laboratory conditions.

11. Estimation of potency

The following correlation between the potency (P) of solu-
tion in a cylinder and the diameter (d) of zone of inhibition is
established.

d=alog P+

where, @ and £ are constants.
If necessary, ascertain the values in the above equation.
Based on this equation, estimate the potency of the sample
solutions by application of the following equation:

Amount (potency) of sample
=A X Potency of Sy per mL X Dilution factor of Uy

where:

I=1log (potency of Sy/potency of S;)
V=2Uy+2U —2Sy—2S,
W=2Uyx+2Sy—2UL—2S.
The sum of the diameter (mm) of the inhibitory zone meas-
ured in each plate is designated as follows:
for standard solution of high concentration (Sy)=2Sy
for standard solution of low concentration (S;)=2S,
for sample solution of high concentration (Uy)=2Uyk
for sample solution of low concentration (Uy)=2Uy

II. Perforated plate method

The perforated plate method is a method to determine the
antimicrobial potency of an antibiotic, based on the measure-
ment of the size of the zone of growth inhibition of a test or-
ganism by the use of perforated agar plates.

This method is carried out by the use of perforated agar
plates in lieu of cylinder-agar plates used in Cylinder-plate
method.

Proceed as directed below, but comply with the require-
ments of Cylinder-plate method, such as test organisms, me-
dia, preparation of agar slant or plate media, preparation of
stock suspensions of spores or test organisms, preparation of
agar base layer plates, preparation of seeded agar layers,
standard solutions, sample solutions, and estimation of
potency.

1. Preparation of perforated agar plates

Dispense 4 to 6 mL of the seeded agar layer specified in the
individual monograph on each agar base layer plate of the
Petri dish. In the case of large dishes, dispense a quantity of
the agar medium to form a uniform layer 1.5 to 2.5 mm
thick, and spread evenly over the surface before hardening.
After coagulating the agar, allow the plate to stand under a
clean atmosphere to exhale moisture vapor of the inside of
Petri or large dishes and water on the agar surface. Using a
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suitable tool, prepare 4 circular cavities having a diameter of
7.9 to 8.1 mm on a Petri dish agar plate so that the individual
cavities are equidistant from the center of the plate. The cavi-
ties spaced equally from one another on the circumference of
a circle with radius 25 to 28 mm, and are deep enough to
reach the bottom of dish. When large dish plates are used,
prepare the circular cavities on each plate according to the
method of preparation for Petri dish agar plates. A set of 4
cavities on each large dish plate is considered to be equivalent
to one Petri dish plate.
Prepare the perforated agar plates before use.

2. Procedure

Unless otherwise specified, use 5 perforated agar plates as
one assay set when Petri dishes are employed. When large
dishes are employed, the number of cavities for one assay set
should be equal to that defined when using Petri dishes. App-
ly the high and low concentration standard solutions to a pair
of cavities prepared opposite each other on each plate, and
apply the high and low concentration sample solutions to the
remaining 2 cavities. The same volume of these solutions
must be added to each cavity. Incubate the plates at 32 to
37°C for 16 to 20 hours. Using a suitable measuring tool,
measure the diameters of the circular inhibition zones with a
precision that can discriminate differences of at least 0.25
mm. Each procedure should be performed quickly under
clean laboratory conditions.

III. Turbidimetric method

The turbidimetric method is a method to determine the an-
timicrobial potency of an antibiotic, based on the measure-
ment of the inhibition of growth of a microbial culture in a
fluid medium. The inhibition of growth of a test organism is
photometrically measured as changes in turbidity of the
microbial culture.

1. Test organisms
Use the test organism specified in the individual mono-
graph.

2. Culture media

Unless otherwise specified, use media with the following
compositions. When peptone is indicated as an ingredient of
a medium, either meat peptone or casein peptone is applica-
ble. Use sodium hydroxide TS or 1 mol/L hydrochloric acid
TS to adjust the pH of the medium to obtain the specified
value after sterilization. A different medium to the one speci-
fied for each test organism may be used if it has both a similar
composition and an equal or better growth efficiency of the
test organism in comparison with the specified medium. Un-
less otherwise specified, sterilize the media to be used in an
autoclave.

(1) Agar media for transferring test organisms

Glucose 1.0¢g
Peptone 6.0g
Meat extract 15¢g
Yeast extract 30¢g
Sodium chloride 25¢g
Agar 15.0¢g
Water 1000 mL

Mix all the ingredients, and sterilize. Adjust the pH of the
solution so that it will be 6.5 to 6.6 after sterilization.
(2) Liquid media for suspending test organisms
Glucose 1.0g
Peptone 50g
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Meat extract 1.5¢g
Yeast extract 15¢g
Sodium chloride 35¢g

Potassium dihydrogen phosphate 1.32 g
Disodium hydrogen phosphate™* 30¢g
Water 1000 mL
Mix all the ingredients, and sterilize. Adjust the pH of the
solution so that it will be 7.0 to 7.1 after sterilization.
*Dipotassium hydrogen phosphate (3.68 g) may be used in
lieu of disodium hydrogen phosphate (3.0 g).

3. Preparation of agar slant or plate media

Unless otherwise specified, proceed as directed in Prepara-
tion of agar slant or plate media under Cylinder-plate
method.

4. Preparation of stock suspensions of test organisms

Unless otherwise specified, inoculate the test organism
onto the slant or plate of the agar medium which was pre-
pared for transferring the specified test organism. Incubate
the inoculated medium at 32 to 37°C for 16 to 24 hours. The
subculture should be performed at least three times. Check
the aspects of the test spores or organisms as occasion de-
mands. Inoculate the subcultured test organism onto another
slant or plate of the agar medium (described above), and in-
cubate the slant at 32 to 37°C for 16 to 24 hours. After incu-
bation, suspend the test organism in the liquid medium for
suspending the test organism, and use as the suspension of
the test organism. The concentration of the test organism is
confirmed with the turbidity or absorbance, as occasion de-
mands.

5. Standard solutions

Use the standard solutions specified in the individual
monograph. Unless otherwise specified, prepare the standard
solutions before use.

6. Sample solutions

Use the sample solutions specified in the individual mono-
graph. Unless otherwise specified, prepare the sample solu-
tions before use.

7. Procedure

Unless otherwise specified, proceed as follows:

Distribute 1.0 mL of each concentration of the standard
solution, the sample solution, and water used as a control,
into each set composed of 3 test tubes (about 14 mm in inside
diameter and about 13 ¢cm in length). Add 9.0 mL of the sus-
pension of the test organism to each tube, and then incubate
in a water bath maintained at 35 to 37°C for 3 to 4 hours. Af-
ter incubation, add 0.5 mL of dilute formaldehyde (1 in 3) to
each tube, and read each transmittance or absorbance at a
wavelength of 530 nm.

8. Estimation of potency

Average the transmittance or absorbance values of each
concentration of the standard solution, the sample solution
and water used as a control, respectively. Generate the stan-
dard curve based on the average values of transmittance or
absorbance of each concentration of the standard solution,
and estimate the potency of the sample solution from its
average value of transmittance or absorbance using the ob-
tained standard curve.

If the standard dilutions of five concentrations in geomet-
ric progression are used, calculate the L and H values from
the following equations. Plot point L and point H on graph
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paper and construct a straight line for the standard curve.

_ Bat2b+c—e)

L 5
H— (3e+20'75+c—a)

where:
L = calculated value of transmittance or absorbance for the
lowest concentration of the standard curve.
H =calculated value of transmittance or absorbance for
the highest concentration of the standard curve.

a, b, c, d, e=average transmittance or absorbance values
for each standard dilution, where a is the value from
the lowest concentration standard solution, b, ¢ and d
are the values from each geometrically increased con-
centration standard solution, respectively, and e is the
value from the highest concentration standard solu-
tion.

4.03 Digestion Test

Digestion Test is a test to measure the activity of digestive
enzymes, as crude materials or preparations, on starch, pro-
tein and fat.

(1) Assay for Starch Digestive Activity

The assay for starch digestive activity is performed through
the measurement of starch saccharifying activity, dextriniz-
ing activity, and liquefying activity.

(i) Measurement of starch saccharifying activity

The starch saccharifying activity can be obtained by meas-
uring an increase of reducing activity owing to the hydrolysis
of the glucoside linkages when amylase acts on the starch.
Under the conditions described in Procedure, one starch sac-
charifying activity unit is the amount of enzyme that cata-
lyzes the increase of reducing activity equivalent to 1 mg of
glucose per minute.

Preparation of Sample Solution

Dissolve the sample in an appropriate amount of water, or
a buffer or salts solution specified in the monograph so that
the reducing activity increases in proportion to the concentra-
tion of the sample solution, when measuring under the condi-
tions described in Procedure. The concentration is normally
0.4 to 0.8 starch saccharifying activity unit/mL. Filter if
necessary.

Preparation of Substrate Solution

Use potato starch TS for measuring the starch digestive
activity. If necessary, add 10 mL of buffer or salts solution
specified in the monograph, instead of 10 mL of 1 mol/L
acetic acid-sodium acetate buffer solution, pH 5.0.

Procedure

Pipet 10 mL of the substrate solution, stand at 37 + 0.5°C
for 10 minutes, add exactly 1 mL of the sample solution, and
shake immediately. Allow this solution to stand at 37 +
0.5°C for exactly 10 minutes, add exactly 2 mL of alkaline
tartrate solution of the Fehling’s TS for amylolytic activity
test, and shake immediately. Then, add exactly 2 mL of cop-
per solution of the Fehling’s TS for amylolytic activity test,
shake gently, heat the solution in a water bath for exactly 15
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minutes, and then immediately cool to below 25°C. Then,
add exactly 2 mL of concentrated potassium iodide TS and 2
mL of diluted sulfuric acid (1 in 6), and titrate <2.50> the
released iodine with 0.05 mol/L sodium thiosulfate VS to the
disappearance of the blue color produced by addition of 1 to
2 drops of soluble starch TS (¢ mL). Separately, pipet 10 mL
of water instead of the substrate solution and titrate <2.50> in
the same manner (b mL).

Starch saccharifying activity (unit/g)

_ SRV O
=amount (mg) of glucose X 10 X W

Amount (mg) of glucose=(b—a)x 1.6
W: Amount (g) of sample in 1 mL of sample solution

(ii) Measurement of starch dextrinizing activity

The starch dextrinizing activity can be obtained by measur-
ing a decrease in starch coloration by iodine resulting from
hydrolysis of the straight chain component (amylose) in
starch when amylase acts on the starch. Under the conditions
described in Procedure, one starch dextrinizing activity unit
is the amount of enzyme required to reduce the coloration of
potato starch by iodine by 10% per minute.

Preparation of Sample Solution

Dissolve the sample in an appropriate amount of water or a
buffer or salts solution specified in the monograph so that the
coloration of starch by iodine decreases in proportion to the
concentration of the sample solution, when measuring under
the conditions described in Procedure. The concentration is
normally 0.2 to 0.5 starch dextrinizing activity unit/mL.
Filter if necessary.

Preparation of Substrate Solution

Prepare the substrate solution in the same manner as the
substrate solution in the measurement of starch saccharifying
activity.

Procedure

Pipet 10 mL of the substrate solution, stand at 37 = 0.5°C
for 10 minutes, add exactly 1 mL of the sample solution, and
shake immediately. Allow this solution to stand at 37 +
0.5°C for exactly 10 minutes. Pipet 1 mL of this solution,
add it to 10 mL of 0.1 mol/L hydrochloric acid TS, and
shake immediately. Pipet 0.5 mL of this solution, add exactly
10 mL of 0.0002 mol/L iodine TS, and shake. Determine the
absorbance A of this solution at the wavelength of 660 nm
as directed under Ultraviolet-visible Spectrophotometry
<2.24>. Separately, using 1 mL of water instead of the sample
solution, determine the absorbance Ay in the same manner.

Starch dextrinizing activity (unit/g)
- As—4p 1

Ajp w
W: Amount (g) of sample in 1 mL of sample solution

(iii) Measurement of starch liquefying activity

The starch liquefying activity can be obtained by measur-
ing a decrease in the viscosity of starch solution resulting
from the hydrolysis of molecules when amylase acts on the
starch. Under the conditions described in Procedure, one
starch liquefying activity unit is the amount of enzyme
required to reduce the viscosity of the substrate solution
equivalent to 1 g of potato starch from 200% to 100% of that
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of the 50% sucrose standard solution.

Preparation of Sample Solution

Dissolve the sample in an appropriate amount of water, or
a buffer or salts solution specified in the monograph so that
the viscosity decreases in proportion to the concentration of
the sample solution, when measuring under the conditions
described in Procedure. The concentration is normally 0.15
to 0.25 starch liquefying activity unit/mL. Filter if necessary.

Preparation of Substrate Solution

Weigh accurately about 1 g of potato starch, and measure
the loss of drying at 105°C for 2 hours. Weigh exactly potato
starch equivalent to 15.00 g calculated on the dried basis, add
300 mL of water, then add gradually 25 mL of 2 mol/L sodi-
um hydroxide TS under thorough shaking, until the mixture
forms a paste. Heat the mixture in a water bath for 10
minutes, shaking it occasionally. After cooling, neutralize the
mixture with 2 mol/L hydrochloric acid TS, and add 50 mL
of the buffer solution specified in the monograph and water
to make exactly 500 g. Prepare before use.

Preparation of 509% Standard Sucrose Solution
Dissolve 50.0 g of sucrose in 50.0 mL of water.

Procedure

Put SO mL of the 50% standard sucrose solution in a
100-mL conical flask, and allow it to stand in a thermostat at
37 £ 0.5°C for 15 minutes. Fix a viscometer shown in Fig.
4.03-1 so that its lower end almost touches the bottom of the
flask and that the water in the thermostat circulates around
the outer cylinder of the viscometer. After slowly pulling up
the 50% standard sucrose solution by suction to the middle
of the upper bulb of the viscometer, let it flow down by gravi-
ty, measuring the time taken for the solution to fall from the
upper to the lower indicators (¢; seconds). Take exactly 50 g
of the substrate solution in another 100-mL conical flask, and
stand it in another thermostat at 37 = 0.5°C for 20 minutes.
Add exactly 1 mL of the sample solution to it, and shake the
flask immediately. Fix a viscometer vertically so that its lower
end almost touches the bottom of the flask and that the water
in the thermostat circulates around the outer cylinder of the
viscometer. Occasionally pull the reaction solution up by suc-
tion to the middle of the upper bulb slowly, then let it flow
down by gravity, measuring the time taken for the solution to
fall from the upper to the lower indicators (¢ seconds).

Repeat this operation until # becomes shorter than ¢;. At
each measurement, record the time (7’ seconds) from the
moment that the sample solution is added to the moment that
the solution surface in the flask passes the upper indicator.
(T’ + t/2) is the reaction time (7T') corresponding to ¢. Draw
a curve for both # and 7. Obtain 7; and T, that correspond to
t; and (2 X ¢;) by interpolation.

Starch liquefying activity (unit/g)

__ 60 L5
(T, — T) w

W: Amount (g) of sample in 1 mL of sample solution

(2) Assay for Protein Digestive Activity

The protein digestive activity can be obtained by the colori-
metric measurement, making use of Folin’s reaction, of the
amount of acid-soluble low-molecular products, which is in-
creased owing to the hydrolysis of the peptide linkages when
protease acts on casein. One protein digestive activity unit is
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Fig. 4.03-1

the amount of enzymes that produces Folin’s TS-colorable
substance equivalent to 1 ug of tyrosine per minute under the
conditions described in Procedure.

Preparation of Sample Solution

Dissolve the sample in an appropriate amount of water, or
a buffer or salts solution specified in the monograph so that
the amount of non-protein, Folin’s TS-colorable substances
increase in proportion to the concentration of the sample
solution, when measuring under the conditions described in
Procedure. The concentration is normally 15 to 30 protein
digestive activity unit/mL.

Tyrosine Calibration Curve

Weigh exactly 50 mg of Tyrosine Reference Standard,
previously dried at 105°C for 3 hours, and dissolve in 0.2
mol/L hydrochloric acid TS to make exactly 50 mL. Pipet 1
mL, 2mL, 3 mL and 4 mL of this solution separately, and
add 0.2 mol/L hydrochloric acid TS to each solution to make
them exactly 100 mL. Pipet 2 mL of each solution, and add
exactly 5 mL of 0.55 mol/L sodium carbonate TS and 1 mL
of diluted Folin’s TS (1 in 3) to each solution, shake im-
mediately, then stand them at 37 £ 0.5°C for 30 minutes.
Determine the absorbances, A, A,, A; and A4, of these solu-
tions at 660 nm as directed under Ultraviolet-visible Spec-
trophotometry <2.24>, using a solution prepared with exactly
2 mL of 0.2 mol/L hydrochloric acid TS in the same manner
as the blank. Then, draw a calibration curve with the absor-
bances, 4;, A,, A; and A, as the ordinate, and with the
amount (ug) of tyrosine in 2 mL of each solution as the ab-
scissa. Obtain the amount (ug) of tyrosine for the absorbance
1.
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Preparation of Substrate Solution

Substrate solution 1: Weigh accurately about 1 g of milk
casein, and measure the loss on drying at 105°C for 2 hours.
Weigh exactly an amount of milk casein equivalent to 1.20 g
calculated on the dried basis, add 12 mL of lactic acid TS and
150 mL of water, and warm to dissolve in a water bath. After
cooling in running water, adjust to the pH specified in the
monograph with 1 mol/L hydrochloric acid TS or sodium
hydroxide TS, and add water to make exactly 200 mL. Pre-
pare before use.

Substrate solution 2: Weigh accurately about 1 g of milk
casein, and measure the loss on drying at 105°C for 2 hours.
Weigh exactly an amount of milk casein equivalent to 1.20 g
calculated on the dried basis, add 160 mL of 0.05 mol/L dis-
odium hydrogenphosphate TS, and warm to dissolve in a
water bath. After cooling in running water, adjust to the pH
specified in the monograph with the 1 mol/L hydrochloric
acid TS or sodium hydroxide TS, and add water to make
exactly 200 mL. Prepare before use.

Preparation of Precipitation Reagent

Trichloroacetic acid TS A: Dissolve 7.20 g of trichloroacet-
ic acid in water to make 100 mL.

Trichloroacetic acid TS B: Dissolve 1.80 g of trichloroacet-
ic acid, 1.80 g of anhydrous sodium acetate and 5.5 mL of
6 mol/L acetic acid TS in water to make 100 mL.

Procedure

Pipet 5 mL of the substrate solution specified in the mono-
graph, stand at 37 £ 0.5°C for 10 minutes, add exactly 1 mL
of the sample solution, and shake immediately. After stand-
ing this solution at 37 £ 0.5°C for exactly 10 minutes, add
exactly 5 mL of trichloroacetic acid TS A or B as specified in
the monograph, shake, stand it at 37 = 0.5°C for 30
minutes, and then filter. Discard the first 3 mL of the filtrate,
exactly measure the subsequent 2 mL of the filtrate, add ex-
actly 5 mL of 0.55 mol/L sodium carbonate TS and 1 mL of
diluted Folin’s TS (1 in 3) to the solution, shake well, and
stand it at 37 £ 0.5°C for 30 minutes. Determine the absor-
bance A of this solution at 660 nm as directed under Ultrav-
iolet-visible Spectrophotometry <2.24>, using water as the
blank. Separately, pipet 1 mL of the sample solution, add ex-
actly 5 mL of trichloroacetic acid TS A or B to the solution as
specified in the monograph, and shake. To this solution add
exactly 5 mL of the substrate solution specified in the mono-
graph, shake immediately, and stand it at 37 £ 0.5°C for 30
minutes. Follow the same procedure for the sample solution,
and determine the absorbance Ay at 660 nm.

Protein digestive activity (unit/g)
= (Ar — Ap)XFX —/ X — X ——

W: Amount (g) of sample in 1 mL of sample solution
F: Amount (ug) of tyrosine for absorbance 1 determined
from Tyrosine Calibration Curve

(3) Assay for Fat Digestive Activity

The fat digestive activity can be obtained by back titration
of the amount of fatty acid produced from the hydrolysis of
the ester linkage, when lipase acts on olive oil. One fat diges-
tive activity unit is the amount of enzymes that produces 1
umole of fatty acid per minute under the conditions described
in Procedure.
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Preparation of Sample Solution

Dissolve or suspend the sample in an appropriate amount
of cold water, or a buffer or salts solution specified in the
monograph so that the amount of fatty acid increases in
proportion to the concentration of the sample solution, when
measuring under the conditions described in Procedure. The
concentration is normally 1 to 5 fat digestive activity unit/
mL.

Preparation of Substrate Solution

Take 200 to 300 mL of a mixture of emulsifier and olive oil
(3:1) in a blender (see Fig. 4.03-2), and emulsify it at 12,000
to 16,000 revolutions per minute for 10 minutes, while cool-
ing the solution to a temperature below 10°C. Stand this so-
lution in a cool place for 1 hour, and make sure before use
that the oil does not separate.

Preparation of Emulsifier

Dissolve 20 g of polyvinyl alcohol specified in the mono-
graph in 800 mL of water by heating between 75°C and 80°C
for 1 hour while stirring. After cooling, filter the solution if
necessary, and add water to make exactly 1000 mL.

Procedure

Pipet 5 mL of the substrate solution and 4 mL of the buffer
solution specified in the monograph, transfer them to a
conical flask, and shake. After standing the mixture at 37 +
0.5°C for 10 minutes, add exactly 1 mL of the sample
solution, and shake immediately. Stand this solution at 37 =
0.5°C for exactly 20 minutes, add 10 mL of a mixture of
ethanol (95) and acetone (1:1), and shake. Then add exactly
10 mL of 0.05 mol/L sodium hydroxide VS, add 10 mL of a
mixture of ethanol (95) and acetone (1:1), and shake. Titrate
<2.50> the excess sodium hydroxide with 0.05 mol/L
hydrochloric acid VS (b mL) (indicator: 2 to 3 drops of
phenolphthalein TS). Separately, pipet 5 mL of the substrate
solution and 4 mL of buffer solution specified in the mono-
graph, transfer them to a conical flask, and shake. After
standing it at 37 £ 0.5°C for 10 minutes, add 10 mL of a
mixture of ethanol (95) and acetone (1:1), then add exactly 1
mL of the sample solution, and shake. Add exactly 10 mL of
0.05 mol/L sodium hydroxide VS, and titrate <2.50> in the
same manner (¢ mL).

Fat digestive activity (unit/g)

- _pyx Lox L
=50X(a— D)X 20 X W

W: Amount (g) of sample in 1 mL of sample solution

4.04 Pyrogen Test

Pyrogen Test is a method to test the existence of pyrogens
by using rabbits.

Test animals

Use healthy mature rabbits, each weighing not less than 1.5
kg, which have not lost body mass when kept on a constant
diet for not less than one week. House the rabbits individual-
ly in an area free from disturbances likely to excite them.
Keep the temperature of the area constant between 20°C and
27°C for at least 48 hours before and throughout the test. Be-
fore using a rabbit that has not previously been used for a
pyrogen test, condition it 1 to 3 days prior to the test by con-
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ducting a sham test omitting the injection. Do not use a rab-
bit for pyrogen tests more frequently than once every 48
hours, or after it has been given a test sample that was ad-
judged pyrogen-positive or that contained an antigen present
commonly in the test sample to be examined.

Apparatus, instruments

(1) Thermometer—Use a rectal thermometer or tempera-
ture-measuring apparatus with an accuracy of +0.1°C or
less.

(2) Syringe and injection needle—Depyrogenate the
syringes and needles in a hot-air oven using a validated proc-
ess, usually by heating at 250°C for not less than 30 minutes.
Sterilized syringes with needles are also available provided
that they have been validated to assure that they are free of
detectable pyrogens and do not interfere with the test.

Test procedures

(1) Quantity of injection—Unless otherwise specified, in-
ject 10 mL of the sample per kg of body mass of each rabbit.

(2) Procedure—Perform the test in a separate area at an
environmental temperature similar to that of the room
wherein the animals were housed and free from disturbances
likely to excite them. Withhold food from the rabbits for
several hours before the first record of the temperature and
throughout the testing period. The test animals are usually
restrained with loosely fitting neck stocks that allow the
rabbits to assume a natural resting posture. Determine the
temperature of each rabbit by inserting the thermometer or
temperature-measuring probe into the rectum of the test
animal to a constant depth within the range of 60 mm to
90 mm. The ‘‘control temperature’’ of each rabbit is the
mean of two temperature readings recorded for that rabbit at
an interval of 30 min in the 40 min immediately preceding the
injection of the sample to be examined. Rabbits showing a
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temperature variation greater than 0.2°C between the two
successive temperature readings or rabbits having an initial
temperature higher than 39.8°C are withdrawn from the test.

Warm the test solution to a temperature of 37 £ 2°C before
injection, and inject the solution slowly into the marginal
vein of the ear of each rabbit over a period not exceeding 10
min. Hypotonic test sample may be made isotonic by the ad-
dition of pyrogen-free sodium chloride. Record the tempera-
ture of each rabbit during a period of 3 hours after the injec-
tion, taking the measurements at intervals of not more than
30 min. The difference between the control temperature and
the maximum temperature of each rabbit is taken to be the
rise in body temperature. Consider any temperature
decreases as zero rise.

Interpretation of results

The test is carried out on a group of three rabbits and the
result is judged on the basis of the sum of the three tempera-
ture rises. Repeat if necessary on further groups of three rab-
bits to a total of three groups, depending on the results
obtained. If the summed response of the first group does not
exceed 1.3°C, the sample is judged to be pyrogen-negative. If
the summed response exceeds 2.5°C, the sample is judged to
be pyrogen-positive. If the summed response exceed 1.3°C
but does not exceed 2.5°C, repeat the test on another group
of three rabbits. If the summed response of the first and sec-
ond group does not exceed 3.0°C, the sample is judged to be
pyrogen-negative. If the summed response of the 6 rabbits ex-
ceeds 4.2°C, the sample is judged to be pyrogen-positive. If
the summed response exceeds 3.0°C but does not exceed 4.2°
C, repeat the test on one more group of three rabbits. If the
summed response of the 9 rabbits does not exceed 5.0°C, the
sample is judged to be pyrogen-negative. If the summed
response exceeds 5.0°C, the sample is judged to be pyrogen-
positive.

When the test sample is judged to be pyrogen-negative, the
sample passes the pyrogen test.

4.05 Microbial Limit Test

This chapter provides tests for the qualitative and quantita-
tive estimation of viable microorganisms present in phar-
maceutical articles. It includes tests for total viable count
(bacteria and fungi) and specified microbial species (Es-
cherichia coli, Salmonella, Pseudomonas aeruginosa and
Staphylococcus aureus). Microbial limit test must be carried
out under conditions designed to avoid accidental microbial
contamination of the preparation during the test. When test
specimens have antimicrobial activity, or contain an-
timicrobial substances, any such antimicrobial properties
must be eliminated by means of procedures such as dilution,
filtration, neutralization or inactivation. For the test, use a
mixture of several portions selected at random from the bulk
or from the contents of a sufficient number of containers. If
test specimens are diluted with fluid medium, the test should
be performed quickly. In performing the test, precautions
must be taken to prevent biohazard.

1. Total viable aerobic count

This test determines the mesophilic bacteria and fungi
which grow under aerobic conditions. Psychrophilic, ther-
mophilic, basophilic and anaerobic bacteria, and microor-
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ganisms which require specific ingredients for growth, may
give a negative result, even if a significant number exists in
the test specimens. The test may be carried out using one of
the following 4 methods, i.e., membrane filtration method,
pour plate method, spread plate method or serial dilution
method (most probable number method). Use an appropriate
method depending on the purpose. An automated method
may be used for the test presented here, provided it has been
properly validated as giving equivalent or better results.
Different culture media and temperature are required for the
growth of bacteria and fungi (molds and yeasts). Serial
dilution method is applicable only to the enumeration of bac-
teria.

Preparation of the test solution

Phosphate Buffer (pH 7.2), Buffered Sodium Chloride-
Peptone Solution or fluid medium used for the test is used to
dissolve or dilute the test specimen. Unless otherwise speci-
fied, 10 g or 10 mL of the test specimen is used for the test,
but another quantity or volume may be used according to the
nature of the test specimen. The pH of the solution is adjust-
ed to between 6 and 8. The test solution must be used within
an hour after preparation.

Fluid specimens or soluble solids: Take 10 g or 10 mL of
the test specimen, mix with the buffer or fluid medium speci-
fied to make 100 mL, and use this as the test fluid. A fluid
specimen containing insoluble materials must be shaken well,
just prior to mixing, to effect fine suspension.

Insoluble solids: Take 10 g or 10 mL of the test specimen,
reduce the substance to a fine powder, suspend it in the buffer
or fluid medium specified to make 100 mL, and use this as the
test fluid. A larger volume of the buffer or fluid medium than
indicated may be used for the suspension, depending on the
nature of the test specimen. The suspension may be dispersed
well using, if necessary, a mechanical blender. A suitable sur-
face-active agent (such as 0.1 w/v% polysorbate 80) may be
added to aid dissolution.

Fatty products: For water-immiscible fluids, ointments,
creams, waxes, and lotions which consist mainly of lipid,
take 10 g or 10 mL of the test specimen, emulsify it in the
buffer or fluid medium specified with the aid of a suitable sur-
face-active agent such as polysorbate 20 or 80 to make 100
mL, and use this as the test fluid. An emulsion may be made
by warming to a temperature not exceeding 45°C, but do not
maintain this temperature for more than 30 minutes.

Test procedures

(1) Membrane Filtration Method

This method is applicable especially to specimens which
contain antimicrobial substances. Use membrane filters of
appropriate materials, having a normal pore size not greater
than 0.45 um. Filter discs about 50 mm in diameter are
recommended, but filters of a different diameter may also be
used. Filters, the filtration apparatus, media, etc., should be
sterilized well. Usually, take 20 mL of the test fluid (contain-
ing 2 g of test specimen), transfer 10 mL of the solution to
each of two membrane filters, and filter. If necessary, dilute
the pretreated preparation so that a colony count of 10 to 100
may be expected. After the filtration of the test fluid, wash
each membrane by filtering through it three or more times
with a suitable liquid such as Buffered Sodium Chloride-Pep-
tone Solution, Phosphate Buffer, or the fluid medium to be
used. The volume of the washings to be used is approximately
100 mL each, but in case filter disc is significantly different
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from 50 mm in diameter, the volume may be adjusted accord-
ing to the size of the filter. For fatty substances, the washings
may contain a suitable surface-active agent such as polysor-
bate 80. Put one of the membrane filters, intended primarily
for the enumeration of bacteria, on the surface of a plate of
Soybean-Casein Digest Agar and the other, intended primari-
ly for the enumeration of fungi, on the surface of a plate of
one of Sabouraud Glucose Agar, Potato Dextrose Agar, or
GP Agar Medium (each contains antibiotics). After incuba-
tion of the plates at least for 5 days, between 30°C and 35°C
in the test for the detection of bacteria and between 20°C and
25°C in the test for fungi, count the number of colonies that
are formed. If a reliable count is obtained in a shorter incuba-
tion time than 5 days, this may be adopted.

(2) Pour Plate Method

Use petri dishes 9 to 10 cm in diameter. Use at least two
petri dishes for each dilution. Pipet 1 mL of the test fluid or
its diluted solution onto each petri dish aseptically. Promptly
add to each dish 15 to 20 mL of sterilized agar medium that
has previously been melted and kept below 45°C, and mix.
Primarily for the detection of bacteria, use Soybean-Casein
Digest Agar Medium, and, primarily for the detection of
fungi, use one of Sabouraud Glucose Agar, Potato Dextrose
Agar, and GP Agar Medium (each contains antibiotics).
After the agar solidifies, incubate the plates for at least 5
days, between 30°C and 35°C for bacteria and between 20°C
and 25°C for fungi. If too many colonies are observed, dilute
the fluid as described above so that a colony count of not
more than 300 per plate may be expected in the case of bac-
teria, and not more than 100 per plate in the case of fungi. If
a reliable count is obtained in a shorter incubation time than
5 days, this may be adopted.

(3) Spread Plate Method

On the solidified and dried surface of the agar medium,
pipet 0.05 to 0.2 mL of the test fluid and spread it on the sur-
face with a spreader. The diameter of petri dishes, the kind
and volume of the medium to be used, the temperature and
time of incubation, and the method for calculation of total
viable count are the same as described in the Pour Plate
Method section.

(4) Serial Dilution Method (Most Probable Number
Method)

Prepare a series of 12 tubes each containing 9 to 10 mL of
Fluid Soybean-Casein Digest Medium. Use three tubes for
each dilution. To each of the first three tubes add 1 mL of the
test fluid (containing 0.1 g or 0.1 mL of specimen), resulting
in 1 in 10 dilution. To the next three tubes add 1 mL of a 1 in
10 dilution of the fluid, resulting in 1 in 100 dilution. To the
next three tubes add 1 mL of a 1 in 100 dilution of the fluid,
resulting in 1 in 1000 dilution. To the last three tubes add 1
mL of the diluent as a control. Incubate the tubes between
30°C and 35°C for not less than 5 days. The control tubes
should show no microbial growth. If the reading of the
results is difficult or uncertain, transfer about 0.1 mL to a lig-
uid or solid medium and read the results after a further
period of incubation between 30°C and 35°C for 24 to 72
hours. Determine the most probable number of microorgan-
isms per g or mL of the specimen from Table 4.05-1.
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Table 4.05-1. Most probable number of microorganisms

Number of tubes in which microbial

growth is observed for each

quantity of the specimen mll\;[r?bsérpé(f)]ﬁgfo—

0.1 gor 0.01 g or 1 mg or organisms per
0.1mL 0.01 mL 1uL g or per mL
per tube per tube per tube

3 3 3 > 1100

3 3 2 1100

3 3 1 500

3 3 0 200

3 2 3 290

3 2 2 210

3 2 1 150

3 2 0 90

3 1 3 160

3 1 2 120

3 1 1 70

3 1 0 40

3 0 3 95

3 0 2 60

3 0 1 40

3 0 0 23

If, for the first column (containing 0.1 g or 0.1 mL of
specimen), the number of tubes showing microbial growth is
two or less, the most probable number of microorganisms per
g or per mL is likely to be less than 100.

Effectiveness of culture media and confirmation of an-
timicrobial substances

Use microorganisms of the following strains or their
equivalent. Grow them in Fluid Soybean-Casein Digest Medi-
um between 30°C and 35°C for bacteria and between 20°C
and 25°C for Candida albicans.
Escherichia coli, such as ATCC 8739, NCIMB 8545, NBRC
3972
Bacillus subtilis, such as ATCC 6633, NCIMB 8054, NBRC
3134, JCM 2499
Staphylococcus aureus, such as ATCC 6538, NCIMB 8625,
NBRC 13276
Candida albicans, such as ATCC 2091, ATCC 10231, NBRC
1594, JCM 2085

Dilute portions of each of the cultures using Buffered Sodi-
um Chloride-Peptone Solution, or Phosphate Buffer to pre-
pare test suspensions containing about 50 to 200 CFU per
mL. Growth-promoting qualities are tested by inoculating 1
mL of each microorganism into each medium. The test media
are satisfactory if clear evidence of growth appears in all in-
oculated media after incubation at indicated temperature for
5 days. When a count of the test organisms with a test speci-
men differs by more than a factor of 5 from that without the
test specimen, any such effect must be eliminated by dilution,
filtration, neutralization or inactivation. To confirm the
sterility of the medium and of the diluent and the aseptic per-
formance of the test, carry out the total viable count method
using sterile Buffered Sodium Chloride-Peptone Solution or
Phosphate Buffer as the control.

2. Test for the detection of specified microorganisms
Escherichia coli, Salmonella, Pseudomonas aeruginosa

and Staphylococcus aureus are included as the target strains

of the test. These four species of microorganisms are im-
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portant for the evaluation of microbial contamination not
only in the finished products, but also in the bulk or inter-
mediate of the production process, and are representative of
the microorganisms which should not exist in these materials.

Preparation of the test fluid

If necessary, refer to the paragraph on Preparation of the
Test Solution in Total viable aerobic count. When test speci-
mens are dissolved in or diluted with a fluid medium, use the
medium designated in each test, unless otherwise specified.

Test procedure

(1) Escherichia coli

To 10 g or 10 mL of the test specimen add a volume of
Fluid Lactose Medium to make 100 mL, and incubate be-
tween 30°C and 35°C for 24 to 72 hours. Examine the medi-
um for growth, and if growth is present, mix by gentle shak-
ing, take a portion by means of an inoculating loop, and
streak it on the surface of MacConkey Agar Medium. Incu-
bate between 30°C and 35°C for 18 to 24 hours. If brick-red
colonies of Gram-negative rods surrounded by a reddish
precipitation zone are not found, the specimen meets the re-
quirements of the test for absence of Escherichia coli. If colo-
nies matching the above description are found, transfer the
suspect colonies individually to the surface of EMB Agar
Medium, and incubate between 30°C and 35°C for 18 to 24
hours. Upon examination, if none of the colonies exhibits
both a characteristic metallic sheen and a blue-black appear-
ance under transmitted light, the specimen meets the require-
ments of the test for the absence of Escherichia coli. Confirm
any suspect colonies on the plate by means of the IMViC test
(Indole production test, Methyl red reaction test, and Voges-
Proskauer test, and Citrate utilization test), and the colonies
which exhibit the pattern of either [+ + — —]or [— + — —]
are judged as Escherichia coli. Rapid detection kits for Es-
cherichia coli may also be used.

Q) Salmonella

As in the case of the detection of Escherichia coli, to 10 g
or 10 mL of the test specimen add a volume of Fluid Lactose
Medium to make 100 mL, and incubate between 30°C and
35°C for 24 to 72 hours. Examine the medium for growth,
and if growth is present, mix by gentle shaking, pipet 1 mL
portions, respectively, into 10 mL of Fluid Selenite-Cystine
Medium and Fluid Tetrathionate Medium, and incubate for
12 to 24 hours. 10 mL of Fluid Selenite-Cystine Medium may
be replaced by the same volume of Fluid Rappaport Medium.
After the incubation, streak portions from both the fluid me-
dia on the surface of at least two of Brilliant Green Agar
Medium, XLD Agar Medium, and Bismuth Sulfite Agar
Medium, and incubate between 30°C and 35°C for 24 to 48
hours. Upon examination, if none of the colonies conforms
to the description given in Table 4.05-2, the specimen meets
the requirements of the test for the absence of the genus
Salmonella. If colonies of Gram-negative rods matching the
description in Table 4.05-2 are found, transfer suspect colo-
nies individually, by means of an inoculating wire, to a slant
of TSI Agar Medium using both surface and deep inocula-
tion. Incubate between 35°C and 37°C for 18 to 24 hours.
The presence of genus Salmonella is confirmed if, in the deep
culture but not in the surface culture, there is a change of
color from red to yellow and usually a formation of gas with
or without production of hydrogen sulfide. Precise identifica-
tion and typing of genus Salmonella may be carried out by
using appropriate biochemical and serological tests addition-
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ally including an identification kit.

Table 4.05-2. Morphologic characteristics of Salmonella
species on selective agar media

Medium Description of colony

Brilliant Green Agar | Small, transparent and colorless, or
Medium opaque, pink or white (often surround-
ed by a pink to red zone)

XLD Agar Medium | Red, with or without black centers

Bismuth Sulfite Agar | Black or green
Medium

(3) Pseudomonas aeruginosa

To 10g or 10 mL of the specimen add Fluid Soybean-
Casein Digest Medium, or another suitable fluid medium
without antimicrobial activity, to make 100 mL. Fluid Lac-
tose Medium is not suitable. Incubate between 30°C and
35°C for 24 to 48 hours. If, upon examination, growth is
present, use an inoculating loop to streak a portion of the
medium on the surface of Cetrimide Agar Medium or NAC
Agar Medium and incubate between 30°C and 35°C for 24 to
48 hours. If no growth of microorganisms is detected, the
specimen passes the test. If growth of colonies of Gram-nega-
tive rods with a greenish fluorescence occurs, streak suspect
colonies from the agar surface of Cetrimide Agar Medium on
the agar surfaces of Pseudomonas Agar Medium for Detec-
tion of Fluorescein and Pseudomonas Agar Medium for De-
tection of Pyocyanin, and incubate between 30°C and 35°C
for 24 to 72 hours. The production of yellowish fluorescence
on the surface of the former medium shows the production of
fluorescein, and the production of blue fluorescence on the
latter medium indicates the production of pyocyanin. Con-
firm any suspect colonies as Pseudomonas aeruginosa by
means of the Oxidase test. Transfer each of the suspect colo-
nies to filter paper that has previously been impregnated with
N, N-dimethyl-p-phenylenediammonium dichloride. If the
colony changes to purple within 5 to 10 seconds, the oxidase
test is judged as positive. If the oxidase test is judged to be
negative, the specimen meets the requirements of the test for
the absence of Pseudomonas aeruginosa. The presence of
Pseudomonas aeruginosa may also be confirmed by using ap-
propriate biochemical tests including an identification kit.

(4) Staphylococcus aureus

To 10g or 10 mL of the specimen add Fluid Soybean-
Casein Digest Medium, or another suitable fluid medium
without antimicrobial activity to make 100 mL. Incubate the
fluid containing the specimen between 30°C and 35°C for 24
to 48 hours. If, upon examination, growth is present, use an
inoculating loop to streak a portion of the medium on the
surface of one of the Vogel-Johnson Agar Medium, Baird-
Parker Agar Medium, or Mannitol-Salt Agar Medium, and
incubate between 30°C and 35°C for 24 to 48 hours. Upon
examination, if no colonies of Gram-positive cocci having the
characteristics listed in Table 4.05-3 are found, the specimen
meets the requirements of the test for the absence of
Staphylococcus aureus. Confirm any suspect colonies as
Staphylococcus aureus by means of the coagulase test. With
the aid of an inoculating loop, transfer suspect colonies to in-
dividual tubes, each containing 0.5 mL of mammalian,
preferably rabbit or horse, plasma with or without suitable
additives. Incubate in a thermostat at 37 = 1°C. Examine the
coagulation after 3 hours and subsequently at suitable inter-
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vals up to 24 hours. Test positive and negative controls simul-
taneously. If no coagulation is observed, the specimen meets
the requirements of the test for the absence of Staphylococ-
cus aureus.

Table 4.05-3. Morphologic characteristics of Staphylococ-
cus aureus on selective agar media

Medium Colonial characteristics

Vogel-Johnson Agar | Black surrounded by yellow zone
Medium

Baird-Parker Agar
Medium

Black, shiny, surrounded by clear zones

Mannitol-Salt Agar
Medium

Yellow colonies with yellow zones

Effectiveness of culture media and confirmation of an-
timicrobial substances

Grow the test strains listed in Table 4.05-4 in the media in-
dicated between 30°C and 35°C for 18 to 24 hours. Dilute
portions of each of the cultures using Buffered Sodium Chlo-
ride-Peptone Solution, Phosphate Buffer, or medium indicat-
ed for each bacterial strain to make test suspensions contain-
ing about 1000 CFU per mL. As occasion demands, using a
mixture of 0.1 mL of each suspension of Escherichia colli,
Salmonella, Pseudomonas aeruginosa and Staphylococcus
aureus containing about 1000 CFU, the validity of the medi-
um and the presence of antimicrobial substances are tested in
the presence or absence of the specimen.

Table 4.05-4. Bacterial strains and media used for confir-
mation of the effectiveness of culture medium and validity of
the test for specified microorganisms

Microorganisms Strain number Media

ATCC 8739, NCIMB
8545, NBRC 3972 or
equivalent strains

Fluid Lactose
Medium

Escherichia coli

Salmonella No strain number is Fluid Lactose
recommended™ Medium
Pseudomonas ATCC 9027, NCIMB Fluid Soybean-
aeruginosa 8626, NBRC 13275 or Casein Digest
equivalent strains Medium
Staphylococcus ATCC 6538, NCIMB Fluid Soybean-
aureus 8625, NBRC 13276 or Casein Digest

Medium

equivalent strains

*Salmonella strains of weak or no pathogenicity may be used.
Salmonella Typhi may not be used.

Retest

For the purpose of confirming a doubtful result, a retest is
conducted using 25 g or 25 mL of test specimen. Proceed as
directed under Test procedure, but make allowance for the
larger specimen size, for example by adjusting the volume of
the medium.

3. Buffer solution and media

Buffer solution and media used for the microbial limit test
are described below. Other media may be used if they have
similar nutritive ingredients, and selective and growth-
promoting properties for the microorganisms to be tested.

(1) Buffer solution

(i) Phosphate Buffer (pH 7.2)

Stock Solution: Dissolve 34 g of potassium dihydrogen-
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phosphate in about 500 mL of water. Adjust to pH 7.1to0 7.3
by the addition of 175 mL of sodium hydroxide TS, add
water to make 1000 mL, and use this solution as the stock so-
lution. After sterilization by heating in an autoclave, store
under refrigeration. For use, dilute the Stock Solution with
water in the ratio of 1 to 800, and sterilize at 121°C for 15 to
20 minutes.

(ii) Buffered Sodium Chloride-Peptone Solution (pH 7.0)

Potassium dihydrogen phosphate 3.56 ¢
Disodium hydrogen phosphate

dodecahydrate 18.23 g
Sodium chloride 430 ¢g
Peptone 1.0 g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
6.9 - 7.1. Polysorbate 20 or 80 (0.1 to 1.0 w/v%) may be ad-
ded.

(2) Media

(i) Soybean-Casein Digest Agar Medium

Casein peptone 150¢g
Soybean peptone 50g
Sodium chloride 50g
Agar 150¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
7.1-17.3.

(ii) Fluid Soybean-Casein Digest Medium

Casein peptone 17.0 g
Soybean peptone 30g
Sodium chloride 50g
Dipotassium hydrogen phosphate 25¢g
Glucose 25¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
7.1-17.5.

(iii) Sabouraud Glucose Agar Medium with Antibiotics

Peptones (animal tissue and casein) 10.0 g
Glucose 40.0 g
Agar 15.0¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
5.4-5.8. Just prior to use, add 0.10 g of benzylpenicillin
potassium and 0.10 g of tetracycline per liter of medium as
sterile solutions or, alternatively, add 50 mg of chloram-
phenicol per liter of medium.

(iv) Potato Dextrose Agar Medium with Antibiotics

Potato extract 40¢g
Glucose 200 g
Agar 15.0¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
5.4-5.8. Just prior to use, add 0.10 g of benzylpenicillin
potassium and 0.10 g of tetracycline per liter of medium as
sterile solutions or, alternatively, add 50 mg of chloram-
phenicol per liter of medium.

(v) GP (Glucose-peptone) Agar Medium with Antibiotics

Glucose 20.0 g
Yeast extract 20¢g
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Magnesium sulfate heptahydrate 05¢g
Peptone 50¢g
Potassium dihydrogen phosphate 1.0¢g
Agar 150¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
5.6 -5.8. Just prior to use, add 0.10 g of benzylpenicillin
potassium and 0.10 g of tetracycline per liter of medium as
sterile solutions or, alternatively, add 50 mg of chloram-
phenicol per liter of medium.

(vi) Fluid Lactose Medium

Meat extract 30¢g
Gelatin peptone 50¢g
Lactose monohydrate 50¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
6.7 - 7.1. After sterilization, cool immediately.

(vii) MacConkey Agar Medium

Gelatin peptone 17.0 g
Casein peptone 1.5¢
Animal tissue peptone 1.5¢g
Lactose monohydrate 10.0 g
Sodium desoxycholate 1.5¢
Sodium chloride 50g
Agar 13.5¢
Neutral red 0.03g
Crystal violet 1.0 mg
Water 1000 mL

Mix all the components, boil for 1 minute, mix, and steri-
lize by heating in an autoclave at 121°C for 15 to 20 minutes.
pH after sterilization: 6.9 - 7.3.

(viii) EMB (Eosin-Methylene Blue) Agar Medium

Gelatin peptone 10.0 g
Dipotassium hydrogen phosphate 20¢g

Lactose monohydrate 10.0 g
Agar 150¢g
Eosin Y 0.40g
Methylene blue 0.065¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an
autoclave at 121°C for 15 to 20 minutes. pH after steriliza-
tion: 6.9 - 7.3.

(ix) Fluid Selenite-Cystine Medium

Gelatin peptone 50¢g
Lactose monohydrate 40¢g
Trisodium phosphate dodecahydrate 10.0 g
Sodium selenite 40¢g
L-Cystine 0.010 g
Water 1000 mL

Mix all the components, and heat to effect solution. Final
pH: 6.8 - 7.2. Do not sterilize.
(x) Fluid Tetrathionate Medium

Casein peptone 25¢g
Animal tissue peptone 25¢g
Sodium desoxycholate 1.0¢g
Calcium carbonate 10.0 g
Sodium thiosulfate pentahydrate 30.0 g
Water 1000 mL

Heat the solution of solids to boiling. On the day of use,
add a solution prepared by dissolving 5 g of potassium iodide
and 6 g of iodine in 20 mL of water. Then add 10 mL of a so-
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lution of brilliant green (1 in 1000), and mix. Do not heat the
medium after adding the brilliant green solution.
(xi) Fluid Rappaport Medium

Soybean peptone 50¢g
Sodium chloride 8.0¢g
Potassium dihydrogen phosphate 1.6 g
Malachite green oxalate 0.12g
Magnesium chloride hexahydrate 40.0 g
Water 1000 mL

Dissolve malachite green oxalate and magnesium chloride
hexahydrate, and the remaining solids separately in the
water, and sterilize by heating in an autoclave at 121°C for 15
to 20 minutes. For the use, mix the both solutions after
sterilization. Final pH: 5.4 - 5.8.

(xii) Brilliant Green Agar Medium

Peptones (animal tissue and casein) 10.0 g
Yeast extract 30¢g
Sodium chloride 50g
Lactose monohydrate 10.0 g
Sucrose 100 g
Phenol red 0.080 g
Brilliant green 0.0125 g
Agar 20.0 g
Water 1000 mL

Mix all the components, and boil for 1 minute. Sterilize
just prior to use by heating in an autoclave at 121°C for 15 to
20 minutes. pH after sterilization: 6.7 - 7.1. Cool to about 50
°C and pour to petri dishes.

(xiii) XLD (Xylose-Lysine-Desoxycholate) Agar Medium

D-Xylose 35¢g
L-Lysine monohydrochloride 50¢g
Lactose monohydrate 7.5¢g
Sucrose 7.5¢g
Sodium chloride 50g
Yeast extract 30¢g
Phenol red 0.080 g
Sodium desoxycholate 25¢g
Sodium thiosulfate pentahydrate 6.8 ¢
Ammonium iron (III) citrate 0.80¢g
Agar 13.5¢g
Water 1000 mL

Mix all the components, and boil to effect solution. pH
after boiling: 7.2 -7.6. Do not sterilize in an autoclave or
overheat. Cool to about 50°C and pour to petri dishes.

(xiv) Bismuth Sulfite Agar Medium

Meat extract 50g
Casein peptone 50¢g
Animal tissue peptone 50¢g
Glucose 50¢g
Trisodium phosphate dodecahydrate 4.0 g
Iron (II) sulfate heptahydrate 0.30g
Bismuth sulfite indicator 8.0¢g
Brilliant green 0.025 ¢
Agar 20.0 g
Water 1000 mL

Mix all the components, and boil to effect solution. pH
after boiling: 7.4 -7.8. Do not sterilize in an autoclave or
overheat. Cool to about 50°C and pour to petri dishes.

(xv) TSI (Triple Sugar Iron) Agar Medium

Casein peptone 10.0 g
Animal tissue peptone 10.0 g
Lactose monohydrate 10.0 g
Sucrose 100 g
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Glucose 1.0¢g
Ammonium iron (II) sulfate hexa-

hydrate 0.20g
Sodium chloride 50g
Sodium thiosulfate pentahydrate 0.20g
Phenol red 0.025 g
Agar 13.0 g
Water 1000 mL

Mix all the components, and boil to effect solution. Dis-
tribute in small tubes and sterilize by heating in an autoclave
at 121°C for 15 to 20 minutes. pH after sterilization: 7.1 -
7.5. Use as a slant agar medium. The medium containing 3 g
of meat extract or yeast extract additionally, or the medium
containing ammonium iron (III) citrate instead of ammoni-
um iron (II) sulfate hexahydrate may be used.

(xvi) Cetrimide Agar Medium

Gelatin peptone 20.0 g
Magnesium chloride hexahydrate 30g
Potassium sulfate 10 g
Cetrimide 0.30 g
Glycerin 10 mL
Agar 13.6 g
Water 1000 mL

Dissolve all solid components in the water, and add the
glycerin. Heat, with frequent agitation, boil for 1 minute,
and sterilize by heating in an autoclave at 121°C for 15 to 20
minutes. pH after sterilization: 7.0 - 7.4.

(xvii) NAC Agar Medium

Peptone 200 g
Dipotassium hydrogen phosphate 03¢g
Magnesium sulfate heptahydrate 02¢g
Cetrimide 02¢g
Nalidixic acid 0.015¢g
Agar 150 g
Water 1000 mL

Final pH: 7.2 - 7.6. Do not sterilize. Dissolve by warming.
(xviii) Pseudomonas Agar Medium for Detection of
Fluorescein
Casein peptone 10.0 g
Animal tissue peptone 10.0 g
Dipotassium hydrogen phosphate 1.5¢

Magnesium sulfate heptahydrate 1.5¢
Glycerin 10 mL
Agar 150¢g
Water 1000 mL

Dissolve all the solid components in the water, and add the
glycerin. Heat, with frequent agitation, boil for 1 minute,
and sterilize by heating in an autoclave at 121°C for 15 to 20
minutes. pH after sterilization: 7.0 - 7.4.

(xix) Pseudomonas Agar Medium for Detection of Pyoc-

yanin
Gelatin peptone 20.0 g
Magnesium chloride hexahydrate 30g
Potassium sulfate 10.0 g
Glycerin 10 mL
Agar 150¢g
Water 1000 mL

Dissolve all the solid components in the water, and add the
glycerin. Heat, with frequent agitation, boil for 1 minute,
and sterilize by heating in an autoclave at 121°C for 15 to 20
minutes. pH after sterilization: 7.0 - 7.4.

(xx) Vogel-Johnson Agar Medium

Casein peptone 10.0 g
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Yeast extract 50¢g
D-Mannitol 100 g
Dipotassium hydrogen phosphate 50g
Lithium chloride 50¢g
Glycine 100 g
Phenol red 0.025¢g
Agar 16.0 g
Water 1000 mL

Mix all the components, and boil for 1 minute to effect so-
lution. Sterilize by heating in an autoclave at 121°C for 15 to
20 minutes, and cool to between 45°C and 50°C. pH after
sterilization: 7.0 - 7.4. To this solution add 20 mL of sterile
potassium tellurite solution (1 in 100), and mix.

(xxi) Baird-Parker Agar Medium

Casein peptone 10.0 g
Meat extract 50¢g
Yeast extract 1.0¢g
Lithium chloride 50¢g
Glycine 12.0 g
Sodium pyruvate 100 g
Agar 200 g
Water 950 mL

Mix all the components. Heat the mixture with frequent
agitation, and boil for 1 minute. Sterilize by heating in an
autoclave at 121°C for 15 to 20 minutes, and cool to between
45°C and 50°C. pH after sterilization: 6.6 — 7.0. To this solu-
tion add 10 mL of sterile potassium tellurite solution (1 in
100) and 50 mL of egg-yolk emulsion. Mix gently, and pour
into petri dishes. Prepare the egg-yolk emulsion by mixing
egg-yolk and sterile saline with the ratio of about 30% to
70%.

(xxii) Mannitol-Salt Agar Medium

Casein peptone 50¢g
Animal tissue peptone 50¢g
Meat extract 1.0g
D-Mannitol 10.0 g
Sodium chloride 75.0 g
Phenol red 0.025 ¢
Agar 15.0¢g
Water 1000 mL

Mix all the components. Heat with frequent agitation, and
boil for 1 minute. Sterilize by heating in an autoclave at 121
°C for 15 to 20 minutes. pH after sterilization: 7.2 - 7.6.

4.06 Sterility Test

This test is harmonized with the European Pharmacopoeia
and the U. S. Pharmacopeia. The parts of the text that are
not harmonized are marked with symbols (* ).

Test for sterility is the method to establish the presence or
absence of viable microorganisms (bacteria and fungi) using
the defined culturing method. Unless otherwise specified, the
test is carried out by I. Membrane filtration method or II.
Direct inoculation method. Water, reagents, test solutions,
equipment, materials and all other requisites for the test
should be pre-sterilized. The test for sterility is carried out
under aseptic conditions. In order to achieve such conditions,
the test environment has to be adapted to the way in which
the sterility test is performed. The precautions taken to avoid
contamination are such that they do not affect any microor-
ganisms which are to be revealed in the test. The working
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conditions in which the tests are performed are monitored
regularly by appropriate sampling of the working area and by
carrying out appropriate controls.

Media and rinsing fluids

Fluid thioglycolate medium, soybean-casein digest medium
are used, unless otherwise specified. *When it is difficult to
use fluid thioglycolate medium due to turbidity or viscosity of
samples, alternative thioglycolate medium can be used, pro-
vided it is heated on a water bath just prior to use and
incubated under anaerobic conditions., Other products of
suitable quality yielding similar formulations may be used ac-
cording to the indications on the label.

(1) Fluid thioglycolate medium

L-Cystine 05¢g
Agar 0.75 g
Sodium chloride 25¢g
Glucose, monohydrate/anhydrate 5.5/5.0¢g
Yeast extract (water-soluble) 50¢g
Pancreatic digest of casein 150¢g
Sodium thioglycolate or 05¢g

Thioglycolic acid 0.3 mL
Resazurin sodium solution (1 in 1000),

freshly prepared 1.0 mL
Water 1000 mL

(pH after sterilization 7.1+0.2)

Mix the L-cystine, agar, sodium chloride, glucose, water-
soluble yeast extract and pancreatic digest of casein with the
water, and heat until solution is effected. Dissolve the sodium
thioglycolate or thioglycolic acid in the solution and, if neces-
sary, add sodium hydroxide TS so that, after sterilization, the
solution will have a pH of 7.1 £0.2. If filtration is necessary,
heat the solution again without boiling and filter while hot
through moistened filter paper. Add the resazurin sodium so-
lution, mix and place the medium in suitable vessels which
provide a ratio of surface to depth of medium such that not
more than the upper half of the medium has undergone a
color change indicative of oxygen uptake at the end of the in-
cubation period. Sterilize using a validated process. Store the
medium at a temperature between 2 - 25°C. If more than the
upper one-third of the medium has acquired a pink color, the
medium may be restored once by heating the containers in a
water-bath or in free-flowing steam until the pink color disap-
pears and cooling quickly, taking care to prevent the in-
troduction of non-sterile air into the container.

*(2) Alternative thioglycolate medium

L-Cystine 0.5¢g
Sodium chloride 2.5¢g
Glucose, monohydrate/anhydrate 5.5/5.0 g
Yeast extract (water-soluble) 50¢g
Pancreatic digest of casein 15.0¢g
Sodium thioglycolate or 05¢g
Thioglycolic acid 0.3 mL
Water 10000 mL

(pH after sterilization 7.1+0.2)
The methods for preparation follow those of fluid
thioglycolate medium. o
(3) Soybean-casein digest medium

Casein peptone 17.0 g
Soybean peptone 30¢g
Sodium chloride 50g
Dipotassium hydrogen phosphate 2.5¢g
Glucose, monohydrate/anhydrous 2.5/2.3 g
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1000 mL
(pH after sterilization 7.3+0.2)

Mix all the ingredients and heat until solution is effected. If
necessary, add sodium hydroxide TS so that, after steriliza-
tion, the solution will have a pH of 7.3 £0.2. Filter, if neces-
sary, to clarify, distribute into suitable vessels and sterilize
using a validated process. Store at a temperature between 2 —
25°C in a sterile container.

(4) Rinsing fluids

Meat or casein peptone 1.0g
Water 1000 mL
(pH after sterilization 7.1+0.2)

Dissolve animal tissue or casein peptone in water and
adjust the pH of the solution so that, after sterilization, it will
show 7.1+£0.2. Filter, if necessary, to clarify, distribute into
suitable vessels and sterilize using a validated process. Store
at a temperature between 2 - 25°C in a sterile container.

To rinsing fluid to be used for antibiotics or pharmaceuti-
cal products containing an antimicrobial agent, a suitable
neutralizer or inactive agent at concentration shown to be ap-
propriate in the validation of the test can be added. To rins-
ing fluid to be used for oils, oily solutions, ointments or
creams, suitable emulsifying agent at a concentration shown
to be appropriate in the validation of the test, for example
polysorbate 80 at a concentration of 10 g/L can be added.

Water

Suitability of media

The media used comply with the following tests, carried
out before or in parallel with the test on the product to be
examined.

(1) Sterility of media

Confirm the sterility of each sterilized batch of medium by
incubating a portion of the media at the specified incubation
temperature for 14 days. No growth of microorganisms
occurs.

(2) Growth promotion test

Test each batch of ready-prepared medium and each batch
(lot)of medium prepared either from dehydrated medium or
from ingredients®. Inoculate a small number (not more than
100 CFU) of microorganism listed in Table 4.06-1 ®or other
strains considered to be equivalent to these strainse in con-
tainers of each medium. Each of the test organisms should
show clearly visible growth in all inoculated media within 3
days for bacteria and within 5 days for fungi.

Effective period of media

*If prepared media are stored in unsealed containers, they
can be used for one month, provided that they are tested for
growth promotion within two weeks of the time of use and
that color indicator requirements are met. If stored in tight
containers, the media can be used for one year, provided that
they are tested for growth promotion within 3 months of the
time of use and that the color indicator requirements are
met. o

Validation test
The validation may be performed simultaneously with the
Test for sterility of the product to be examined in the
following cases.
a) When the test for sterility has to be carried out on a new
product.

**In appropriate cases periodic testing of the different batches pre-
pared from the same lot of dehydrated medium is acceptable. o
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Table 4.06-1. Microorganisms for growth promotion test
and the validation test

Incubation

Medium conditions

Test microorganisms

Staphylococcus aureus
(ATCC 6538, NBRC 13276,
CIP 4.83, NCTC 10788,
NCIMB 9518)

Fluid Pseudomonas aeruginosa
thioglycolate (ATCC 9027, NBRC 13275,
medium NCIMB 8626, CIP 82.118)
Clostridium sporogenes
(ATCC 19404, CIP 79.3,
NCTC 532, or ATCC 11437,
NBRC 14293)

Aerobic

Clostridium sporogenes
(ATCC 19404, CIP 79.3,
NCTC 532, or ATCC 11437,
NBRC 14293)

¢ Alternative
thioglycolate
medium

Anaerobic

Bacillus subtilis

(ATCC 6633, NBRC 3134,
CIP 52.62, NCIMB 8054)
Candida albicans

(ATCC 10231, NBRC 1594,
IP 48.72, NCPF 3179)
Aspergillus niger

(ATCC 16404, NBRC 9455,
IP 1431.83, IMI 149007)

Soybean-casein

) . Acrobi
digest medium erobic

Seed lot culture maintenance techniques (seed-lot systems) are used
so that the viable microorganisms used for inoculation are not more
than five passages removed from the original master seed-lot.

b) Whenever there is a change in the experimental conditions
of the test.

Carry out the test as described below under Test for sterili-
ty of the product to be examined using exactly the same
methods except for the following modifications.

Membrane filtration After transferring the content of the
container or containers to be tested to the membrane add an
inoculum of a small number of viable micro-organisms (not
more than 100 CFU) to the final portion of sterile diluent
used to rinse the filter.

Direct inoculation After transferring the contents of the
container or containers to be tested to the culture medium
add an inoculum of a small number of viable micro-organ-
isms (not more than 100 CFU) to the medium.

In both cases use the same micro-organisms as those
described above under Growth promotion test. Perform a
growth promotion test as a positive control. Incubate all the
containers containing medium for not more than 5 days. If
clearly visible growth of micro-organisms is obtained after
the incubation, visually comparable to that in the control ves-
sel without product, either the product possesses no
antimicrobial activity under the conditions of the test or such
activity has been satisfactorily eliminated. The test for sterili-
ty may then be carried out without further modification. If
clearly visible growth is not obtained in the presence of the
product to be tested, visually comparable to that in the con-
trol vessels without product, the product possesses an-
timicrobial activity that has not been satisfactorily eliminated
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under the conditions of the test. Modify the conditions in
order to eliminate the antimicrobial activity and repeat the
validation test.

In the membrane filtration, the antimicrobial activity should
be suppressed by suitable means such as replacement of the
membrane filters with less adsorptive ones, increase of the
amount of rinsing fluid, or addition of a suitable inactivating
agent to the rinsing fluid. Do not exceed a washing cycle of
5 times *100 mL4 per filter, even if during validation it has
been demonstrated that such a cycle does not fully eliminate
the antimicrobial activity.

In the direct inoculation, use a suitable inactivating agent
which does not affect the growth of microorganisms or in-
crease the volume of medium irrespective of the prescription
in II-2 so that no antimicrobial activity remains.

Test for sterility of the products to be examined
Number of articles to be tested

Items to be used for the test are taken from the lot accord-
ing to an appropriate sampling plan prepared by referring to
the numbers specified in Table 4.06-2.

Testing methods

The test may be carried out using the technique of mem-
brane filtration or by direct inoculation of the culture media
with the product to be examined. Appropriate negative
controls are included. The technique of membrane filtration
is used whenever the nature of the product permits, that is,
for filterable aqueous preparations, for alcoholic or oily
preparations and for preparations miscible with or soluble in
aqueous or oily solvents provided these solvents do not have
an antimicrobial effect in the conditions of the test.

I. Membrane filtration
By this method, a test article is filtered through a mem-

brane filter, and the filter is rinsed and incubated by being

transferred to a medium or by adding a medium to the filtra-
tion apparatus. Use membrane filter made from suitable
material having a nominal pore size of 0.45 um or smaller.

Use a filter funnel sterilizable by the moist heat method or

other methods and free from any leakage or back flow when

filtration is performed with the membrane in place. The tech-

nique described below assumes that membranes about 50 mm

in diameter will be used. If filters of a different diameter are

used the volumes of the dilutions and the washings should be
adjusted accordingly.
I-1. Preparation of sample solution

a) Liquid medicine: Use as it is, as the sample solution.

*b) Solid medicine: In the case of a solid medicine, to be
administered after dissolving or suspending, the sample
solution is prepared with the provided solvent, isotonic
sodium chloride solution or water to give the concentra-
tion of use. o

¢) Oils and oily solutions: Oils and oily solutions of
sufficiently low viscosity may be filtered without dilution
through a dry membrane. Viscous oils may be diluted as
necessary with a suitable sterile diluent such as isopropyl
myristate shown not to have antimicrobial activity in the
conditions of the test.

d) Ointments and creams: Ointments in a fatty base and
emulsions of the water-in-oil type may be diluted by using
sterile isopropyl myristate that has previously been filtered
through a sterilizing membrane filter or by using other sol-
vents not affecting the growth of microorganisms. Heat
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Table 4.06-2. *Number of items to be taken from the lot,

Minimum number of items to

Number of items in the lot be tested for each medium™!

10% or 4 containers, which-
ever is greater

Injections
Not more than 100 containers
More than 100 but not more | 10 containers
than 500 containers
More than 500 containers 2% or 20 containers, which-
ever is less
*2% or 10 containers, which-
ever is less

*For large-volume products
(more than 100 mL) of more
than 500 containersq

Ophthalmic and other
non-injectable products

Not more than 200 containers | 5% or 2 containers, which-
ever is greater
More than 200 containers 10 containers
If the product is presented in
the form of single-dose con-
tainers, apply the scheme
shown above for preparations

for parenteral use

Bulk solid products*?
Up to 4 containers
More than 5 containers but
not more than 50 containers
More than 50 containers

Each container
20% or 4 containers, which-
ever is greater
2% or 10 containers, which-
ever is greater

Antibiotic Solids

Pharmacy bulk packages (=5 g)*}
*Pharmacy bulk packages (<5
2)e

6 containers
*20 containers

*1If the contents of one container are enough to inoculate the two
media, this column gives the number of containers needed for both
the media together.

*2Bulk solid product is a sterile bulk powder product to be able to
prepare plural injections.

*3Pharmacy bulk package is an antibiotic solid to be able to prepare
plural injections. It should be dispensed in an infusion set at a time
after dissolving under a clean atmosphere.

the sample preparation, if necessary, to not more than 40°C.
In exceptional cases it may be necessary to heat to not more
than 44°C.

I-2. Quantities of sample solution to be tested

Use for each medium not less than quantity of the product
prescribed in Table 4.06-3, unless otherwise specified. If the
contents of one container are insufficient to inoculate the two
media, twice or more containers shown in Table 4.06-2 are
used. When using the technique of membrane filtration, use,
whenever possible, the whole contents of the container, but
not less than the quantities indicated in Table 4.06-3, diluting
where necessary to about 100 mL with a suitable sterile
rinsing fluid.

I-3. Procedures

Usually complete the filtration of the sample solution with
one or two separate filter funnels. Transfer the contents of
the container or containers to be tested to the membrane or
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Table 4.06-3.
medium

Minimum quantity to be used for each

Minimum quantity to be

Quantity per container used for each medium

Liquids
Less than 1 mL The whole contents of each

container

1-40mL Half the contents of each
container but not less than
1 mL

Greater than 40 mL and 20 mL

not greater than 100 mL
Greater than 100 mL 10% of the contents of the
container but not less than
20 mL

Antibiotic liquids 1 mL

Other preparations soluble The whole contents of each
in water or in isopropyl container to provide not less

myristate than 200 mg

Use the contents of each
container to provide not less
than 200 mg

Insoluble preparations, creams
and ointments to be suspended
or emulsified

Solids
Less than 50 mg The whole contents of each
container

50 mg or more but less than | Half the contents of each con-

300 mg tainer but not less than 50 mg
300mg-5g 150 mg
Greater than 5 g 500 mg

membranes. If the sample solution is not readily filterable, it
may be further diluted with rinsing fluid and thereafter
filtered. Rinse the membrane(s) with each 100-mL of rinsing
fluid per filter for established cycles in the validation test.
Provided the sample does not have antimicrobial activity, the
rinsing procedure can be omitted. Employ either of the two
methods described below for incubation of the membrane(s).
Use the same volume of each medium as in the validation
test.

(1) The processed membrane is aseptically transferred
from the apparatus and cut into two equal parts, or half the
volume of sample solution is filtered into an entire mem-
brane. Transfer each half of the cut membrane, or each
whole membrane into the medium.

(2) After filtration of sample solution into the apparatus
to which the membrane filters are fitted, each medium is
added to the apparatus itself.

II. Direct inoculation of the culture medium

This is the method by which the entire content or a portion
of the content of a sample container is transferred directly to
the culture medium and incubated. Usually, this method is
applied for medicines to which the membrane filtration
method cannot be applied or for which the application of the
direct transfer method, rather than the membrane filtration
method, is rational.

*For products containing a mercurial preservative that
cannot be tested by the membrane-filtration method, fluid
thioglycolate medium incubated at 20 - 25°C may be used in-
stead of Soybean-casein digest medium. o
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II-1. Preparation of sample solution

Usually, proceed as directed for the membrane filtration
method. In the case of an insoluble medicine, the product is
suspended or crushed in a suitable manner and used as a sam-
ple.

a) Oily liquids. Use media to which have been added a suita-
ble emulsifying agent at a concentration shown to be
appropriate in the validation of the test, for example,
polysorbate 80 at a concentration of 10 g/L.

b) Ointments and creams. Prepare by diluting to about 1 in
10 by emulsifying with the chosen emulsifying agent in a
suitable sterile diluent such as a 1 g/L neutral solution of
meat or casein peptone. Transfer the diluted product to a
medium not containing an emulsifying agent.

II-2. Quantities of sample solution to be tested

Transfer the quantity of the preparation to be examined
prescribed in Table 4.06-3, by using pipette, syringe or other
suitable inoculation devices, directly into the culture medium
so that the volume of the product is not more than 10% of
the volume of the medium, unless otherwise prescribed.

Shake cultures containing oily products gently each observa-

tion day. However when thioglycolate medium is used for the

detection of anaerobic microorganisms keep shaking or mix-

ing to a minimum in order to maintain anaerobic conditions.

Cultivation and observation

Fluid thioglycolate medium *and Alternative thioglycolate
medium, are to be incubated at 30 - 35°C and Soybean-
casein digest medium is to be incubated at 20 - 25°C for not
less than 14 days. Observe the cultures several times during
the incubation period. If the material being tested renders the
medium turbid so that the presence or absence of microbial
growth cannot be readily determined by visual examination,
14 days after the beginning of incubation transfer ®suitable
portions of 4 the medium to fresh vessels of the same medium
and then incubate the original and transfer vessels for not less
than 4 days.

Observation and interpretation of results

If no evidence of microbial growth is found, the product to
be examined complies with the test for sterility. If evidence of
microbial growth is found the product examined does not
comply with the test for sterility, unless it can be clearly
demonstrated that the test was invalid for causes unrelated to
the product to be examined. *However, provided that the
test itself was inadequate, the test is repeated. o If no evidence
of microbial growth is found in the repeat test the product
complies with the Sterility Test. If microbial growth is found
in the repeat test the product does not comply with the
Sterility Test.

5. Tests for Crude Drugs

5.01 Crude Drugs Test

Crude Drugs Test is applied to the crude drugs mentioned
in the General Rules for Crude Drugs.

Sampling
Unless otherwise specified, sample should be taken by the
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following methods. If necessary, preserve the samples in tight
containers.

(1) When crude drugs to be sampled are small-sized, cut
or powdered, 50 to 250 g of sample should be taken after
mixing thoroughly.

(2) When crude drugs to be sampled are large-sized, 250
to 500 g of sample should be taken after mixing thoroughly.

(3) When the mass of each single piece of the crude drugs
is not less than 100 g, not less than 5 pieces should be taken
for a sample, or not less than 500 g of the sample should be
taken after cutting to a suitable size and mixing thoroughly.

Preparation of the test sample for analysis

Preparations are to be made by mixing the sample well.
Powdered drugs should be used as they are, and in the case of
unpowdered drugs, unless otherwise specified, grind the sam-
ple into powder. If the sample cannot be ground into powder,
reduce it as finely as possible, spread it out in a thin layer, and
withdraw a typical portion for analysis. If necessary, preserve
the test sample in a tight container.

Microscopic examination

(1) Apparatus

Use an optical microscope with objectives of 10 and 40
magnifications, and an ocular of 10 magnifications.

(2) Preparation for microscopic examination

(1) Section: To a section on a slide glass add 1 to 2 drops
of a mounting agent, and put a cover glass on it, taking
precaution against inclusion of bubbles. Usually use a section
10 to 20 um in thickness.

(ii) Powder: Place about 1 mg of powdered sample on a
slide glass, add 1 to 2 drops of a swelling agent, stir well with
a small rod preventing inclusion of bubbles, and allow to
stand for a while to swell the sample. Add 1 drop of the
mounting agent, and put a cover glass on it so that the tissue
sections spread evenly without overlapping each other, taking
precaution against inclusion of bubbles. In the case where the
tissue sections are opaque, place about 1 mg of powdered
sample on a slide glass, add 1 to 2 drops of chloral hydrate
TS, heat to make the tissues clear while stirring with a small
glass rod to prevent boiling. After cooling, add 1 drop of
mounting agent, and put a cover glass on it in the same man-
ner as above.

Unless otherwise specified, use a mixture of glycerin and
water (1:1) or a mixture of water, ethanol (95) and glycerin
(1:1:1) as the mounting agent and swelling agent.

(3) Observation of components in the Description

In each monograph, description is usually given of the out-
er portion and the inner portion of a section in this order, fol-
lowed by a specification of cell contents. Observation should
be made in the same order. In the case of a powdered sample,
description is given of a characteristic component or a matter
present in large amount, rarely existing matter, and cell con-
tents in this order. Observation should be made in the same
order.

Purity

(1) Foreign matter—Unless otherwise specified, weigh 25
to 500 g of the sample, spread out in a thin layer, and
separate the foreign matter by inspecting with the naked eye
or with the use of a magnifying glass of 10 magnifications.
Weigh, and determine the percentage of foreign matter.

(2) Total BHC’s and total DDT’s—Sodium chloride, an-
hydrous sodium sulfate and synthetic magnesium silicate for
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column chromatography used in this procedure are used after
drying by heating at about 130°C for more than 12 hours and
cooling in a desiccator (silica gel). Chromatographic column
is prepared as follows: Place 20 g of synthetic magnesium sili-
cate for column chromatography in a 200-mL flask, add 50
mL of hexane for Purity of crude drug, shake vigorously,
and immediately pour the mixture into a chromatographic
tube about 2 cm in inside diameter and about 30 cm in length.
Drip until the depth of hexane layer at the upper part is about
5 cm, introduce 8 g of anhydrous sodium sulfate from the
top, and further drip until a small quantity of hexane is left at
the upper part.

Weigh accurately about 5 g of pulverized sample, place in a
glass-stoppered centrifuge tube, add 30 mL of a mixture of
acetone for Purity of crude drug and water (5:2), stopper
tightly, shake for 15 minutes, centrifuge, and separate the su-
pernatant liquid. Repeat the same procedure twice with the
residue using two 30-mL portions of the mixture of acetone
for Purity of crude drug and water (5:2). Combine all the su-
pernatant liquids, and concentrate under reduced pressure at
a temperature not higher than 40°C until the order of acetone
is faint. Transfer the concentrated solution to a separator
containing 100 mL of sodium chloride TS, and shake twice
with two 50-mL portions of hexane for Purity of crude drug
for 5 minutes each. Combine the hexane layers, transfer to a
separator containing 50 mL of sodium chloride TS, and
shake for 5 minutes. Take the hexane layer, dry with 30 g of
anhydrous sodium sulfate, and filter. Wash the residue on the
filter paper with 20 mL of hexane for Purity of crude drug.
Combine the filtrate and the washings, and concentrate under
reduced pressure at a temperature not higher than 40°C to
about 5 mL. Transfer this solution to the chromatographic
column and allow to pass with 300 mL of a mixture of hexane
for Purity of crude drug and diethyl ether for Purity of crude
drug (17:3) at a rate of not more than 5 mL per minute. After
concentrating the eluate under reduced pressure at a tempera-
ture not higher than 40°C, add hexane for Purity of crude
drug to make exactly 5 mL. Transfer this solution to a glass-
stoppered test tube, add 1 mL of sulfuric acid, and shake
carefully. Take 4 mL of the upper layer, transfer to a
separate glass-stoppered test tube, add 2 mL of water, and
shake gently. Take 3 mL of the upper layer so obtained,
transfer to a glass-stoppered centrifuge tube, dry with 1 g of
anhydrous sodium sulfate, centrifuge, and use the super-
natant liquid as the sample solution. Separately, weigh ac-
curately about 10 mg each of o-BHC, f-BHC, y-BHC, -
BHC, o,p’-DDT, p,p’-DDT, p,p’-DDD and p,p’-DDE, dis-
solve in 5 mL of acetone for Purity of crude drug, and add
hexane for Purity of crude drug to make exactly 100 mL.
Pipet 10 mL of this solution, and add hexane for Purity of
crude drug to make exactly 100 mL. Pipet 1 mL of this solu-
tion, add hexane for Purity of crude drug to make exactly 100
mL, and use this solution as the standard solution. Perform
the test with 1 uLL each of the sample solution and the stan-
dard solution as directed under Gas Chromatography <2.02>
according to the following conditions, and determine the
peak areas corresponding to «-BHC, g-BHC, y-BHC, ¢-
BHC, o,p’-DDT, p,p’-DDT, p,p’-DDD and p,p’-DDE, A1
and ASA; ATB and ASB; ATC and Asc; ATD and ASD; ATE and 4
se; Arr and Agp; Arg and Asg; Aty and Agy. Calculate the
content of each of o-BHC, -BHC, y-BHC, 6-BHC, o,p’-
DDT, p,p’-DDT, p,p’-DDD and p,p’-DDE by means of the
following equations.
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Content (ppm) of a-BHC

_ amount (g) of a—BHC A1a

W X g <0
Content (ppm) of f-BHC
_ amount (g) of S—BHC Arp
w X dg 0
Content (ppm) of y-BHC
_ amount (g) of y—BHC Arc
7% X dge 0
Content (ppm) of §-BHC
_ _amount (g) of 6 —BHC Arp
4 X ag 0
Content (ppm) of o,p’-DDT
_ amount (g) of 0,p’ =DDT Arg
w X Ay 0
Content (ppm) of p,p’-DDT
_amount (g) of p,p’ —DDT Arr
- w X gy <0
Content (ppm) of p,p’- DDD
_ _amount (g) of p,p’ —DDD Arg
w * a0
Content (ppm) of p,p’-DDE
_ amount (g) of p,p’ —DDE Aty
w X dgy 0

W: Amount (g) of pulverized sample

Content (ppm) of total BHC’s
=content (ppm) of a-BHC + content (ppm) of
B-BHC + content (ppm) of y-BHC +
content (ppm) of 6-BHC

Content (ppm) of total DDT’s
= content (ppm) of o,p’-DDT + content (ppm) of
p,p’-DDT + content (ppm) of p,p’-DDD +
content (ppm) of p,p’-DDE

Operating conditions—

Detector: An electron capture detector

Sample injection system: A splitless injection system

Column: A fused silica capillary column about 0.3 mm in
inside diameter and about 30 m in length, coated the inside
wall with 7% cyanopropyl-7% phenylmethylsilicone polymer
for gas chromatography in a thickness of 0.25 to 1.0 um.

Column temperature: Maintain the temperature at 60°C
for 2 minutes after injection, program to increase the temper-
ature at a rate of 10°C per minute to 200°C, and then pro-
gram to increase the temperature at a rate of 2°C per minute
to 260°C.

Carrier gas: Helium

Flow rate: Adjust the flow rate so that the retention times
of the objective compounds are between 10 and 30 minutes.
System suitability—

Test for required detectability: To exactly 1 mL of the stan-
dard solution add hexane to make exactly 10 mL. Confirm
that the peak area of each objective compound obtained with
1 uL of this solution is equivalent to 5 to 15% of that of cor-
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responding compound with 1 uL of the standard solution.

System performance: When the procedure is run with 1 uL
of the standard solution under the above operating condi-
tions, the peaks of the object compounds separate completely
each other.

System repeatability: Repeat the test 6 times with 1 uL. of
the standard solution under the above operating conditions,
the relative standard deviation of the peak area of each object
compound is not more than 10%.

Loss on drying

Unless otherwise specified, transfer 2 to 6 g of the test sam-
ple for analysis to a tared weighing bottle, and weigh ac-
curately. Dry at 105°C for 5 hours, allow to cool in a desicca-
tor (silica gel), and weigh accurately. Continue the drying at
105°C, and weigh accurately at 1-hour intervals. When the
mass of the sample becomes constant, the loss of mass
represents the percentage of loss on drying (%). When the
period of time for drying is specified, weigh accurately after
drying for the period of time specified, and determine the loss
on drying (%).

Total ash

Ignite previously a crucible of platinum, quartz or por-
celain between 500°C and 550°C for 1 hour. Cool, and weigh
accurately the crucible. Unless otherwise specified, weigh ac-
curately 2 to 4 g of the test sample for analysis in this cruci-
ble, take off the lid or keep it open a little if necessary, heat
the crucible at a low temperature at first, then gradually heat
to a temperature between 500°C and 550°C, ignite to inciner-
ate the residue for more than 4 hours until no carbonized sub-
stance remains in the ash, cool, and weigh accurately the ash.
Incinerate repeatedly to constant mass, cool, weigh accurate-
ly, and determine the amount (%) of total ash. If a car-
bonized substance remains and a constant mass cannot be ob-
tained in the above-mentioned method, extract the charred
mass with hot water, collect the insoluble residue on filter
paper for assay, and incinerate the residue and filter paper
until no carbonized substance remains in the ash. Then add
the filtrate, evaporate it to dryness, and incinerate. Cool,
weigh accurately, and determine the mass (%) of the total
ash. If a carbon-free ash cannot be obtained even in this way,
moisten the ash with a small amount of ethanol (95), break
up the ash with a glass rod, wash the rod with a small amount
of ethanol (95), evaporate carefully, and determine the mass
of the total ash as described above. A desiccator (silica gel) is
used for cooling.

Acid-insoluble ash

Add carefully 25 mL of dilute hydrochloric acid to the
total ash, boil gently for 5 minutes, collect the insoluble mat-
ter on filter paper for assay, and wash thoroughly with hot
water. Dry the residue together with the filter paper, and ig-
nite to incinerate in a tared crucible of platinum, quartz or
porcelain for 3 hours. Cool in a desiccator (silica gel), weigh,
and determine the amount (%) of acid-insoluble ash. When
the amount determined exceeds the limit specified, incinerate
repeatedly to a constant mass.

Extract content

The test for the extract content in crude drugs is performed
as directed in the following methods:

(1) Dilute ethanol-soluble extract—Unless otherwise spe-
cified, weigh accurately about 2.3 g of the sample for analy-
sis, extract with 70 mL of dilute ethanol in a suitable flask
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with occasional shaking for 5 hours, and allow to stand for
16 to 20 hours. Filter, and wash the flask and residue with
small portions of dilute ethanol until the filtrate measures 100
mL. Evaporate a 50 mL aliquot of the filtrate to dryness, dry
at 105°C for 4 hours, and cool in a desiccator (silica gel).
Weigh accurately the amount, multiply it by 2, and determine
the amount of dilute ethanol-soluble extract. Calculate the
extract content (%) with respect to the amount of the sample
on the dried basis, obtained under the loss on drying.

(2) Water-soluble extract—Proceed as directed in (1),
using water instead of dilute ethanol, weigh accurately the
amount, multiply by 2, and determine the amount of water-
soluble extract. Calculate the extract content (%) with respect
to the amount of the sample on the dried basis, obtained un-
der the loss on drying.

(3) Diethyl ether-soluble extract—Unless otherwise speci-
fied, dry the test sample for analysis in a desiccator (silica gel)
for 48 hours, weigh accurately about 2 g of it, and place in a
suitable flask. Add 70 mL of diethyl ether, attach a reflux
condenser to the flask, and boil gently on a water bath for 4
hours. Cool, filter, and wash the flask and the residue with
small portions of diethyl ether until the filtrate measures 100
mL. Evaporate a 50 mL aliquot of the filtrate to dryness on a
water bath, dry in a desiccator (silica gel) for 24 hours, weigh
accurately the amount, multiply it by 2, determine the
amount of diethyl ether-soluble extract, and calculate the ex-
tract content (%).

Essential oil content

The test of essential oil content in crude drugs is performed
as directed in the following method:

Essential oil determination: Weigh the quantity of the test
sample for analysis directed in the monograph in a 1-L hard
glass-stoppered flask, and add from 5 to 10 times as much
water as the drug. Set up an apparatus for essential oil deter-
mination (Fig. 5.01-1), inserting a reflux condenser (Fig.
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5.01-2) in the upper mouth of it, and heat the content of the
flask in an oil bath between 130°C and 150°C to boiling. The
graduated tube of the apparatus is to be previously filled with
water to the standard line, and 2.0 mL of xylene is added to
the graduated tube. Unless otherwise specified, continue boil-
ing for 5 hours, allow to stand for some time, and open the
stopper of the apparatus. Draw off the water slowly until the
surface of the oil layer corresponds to the preparation line,
and allow it to stand for more than 1 hour at ordinary tem-
perature. Then lower the surface of the oil layer to the zero
line, and read the volume (mL) of the oil at ordinary temper-
ature. Subtract the volume (mL) of xylene from the volume
of the total oil.

5.02 Microbial Limit Test for
Crude Drugs

This chapter provides tests for the qualitative and quantita-
tive estimation of viable microorganisms present in crude
drugs. It includes tests for total viable count (aerobic bacteria
and fungi) and specified microbial species (Enterobacteria
and other gram-negative bacteria, Escherichia coli,
Salmonella, and Staphylococcus aureus). Microbial limit test
must be carried out under conditions designed to avoid ac-
cidental microbial contamination of the preparation during
the test. When test specimens have antimicrobial activity, or
contain antimicrobial substances, any such antimicrobial
properties must be eliminated by means of procedures such as
dilution, filtration, neutralization or inactivation. For the
test, use a mixture of several portions selected at random
from the bulk or from the contents of a sufficient number of
containers. If test specimens are diluted with fluid medium,
the test should be performed quickly. In performing the test,
precautions must be taken to prevent biohazard.

1. Total viable aerobic count

This test determines mesophilic aerobic bacteria and fungi
(molds and yeasts) which grow under aerobic conditions.
Psychrophilic, thermophilic, basophilic, and anaerobic bac-
teria, and microorganisms which require specific ingredients
for growth, may give a negative result, even if a significant
number exists in the test speciments. The test may be carried
out using one of the following 4 methods, i.e., pour plate
method, spread plate method, serial dilution method (most
probable number method) or membrane filtration method.
Use an appropriate method depending on the purpose. An
automated method may be used for the test presented here,
provided it has been properly validated as giving equivalent
or better results. Different culture media and temperature are
required for the growth of bacteria and fungi (molds and
yeasts). The serial dilution method is applicable only to the
enumeration of bacteria.

Sampling and Preparation of the test specimens

Unless otherwise specified, samples should be taken by the
following methods.

(1) When crude drugs to be sampled are small-sized, cut
or powdered, 50 to 250 g of sample should be taken after
mixing thoroughly.

(2) When crude drugs to be sampled are large-sized, 250
to 500 g of sample should be taken after mixing thoroughly
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and cutting.

(3) When the mass of each single piece of the crude drug
is not less than 100 g, not less than 5 pieces should be taken
for a sample, or not less than 500 g of the sample should be
taken after cutting to a suitable size and mixing thoroughly.
If necessary, cut more for use.

(4) When crude drugs to be sampled are in the form of a
solution or a preparation, the sample should be taken after
mixing thoroughly.

(5) An insoluble solid should be taken after reducing the
substance to a moderately fine powder.

Preparation of the test fluid

Phosphate Buffer, pH 7.2, Buffered Sodium Chloride-Pep-
tone Solution, pH 7.0 or fluid medium used for the test is
used to suspend or dilute the test specimen. Unless otherwise
specified, usually take 10 g or 10 mL of the test specimen, and
suspend or dissolve it in 90 mL of the buffer or fluid medium
specified. A test specimen as a suspension must be shaken for
10 minutes. If necessary, for crude drugs to which microor-
ganisms might adhere, repeat the same method and use this
as the test fluid. A different quantity or volume may be used if
the nature of the test specimen requires it. The pH of the test
fluid is adjusted to between 6 and 8. The test fluid must be
used within an hour after preparation.

Fluid specimen: Take 10 mL of the test specimen, and sus-
pend or dissolve it in 90 mL of the buffer or fluid medium spe-
cified. A different quantity or volume may be used if the na-
ture of the test specimen requires it.

Insoluble solids: Pulverize the substance to a moderately
fine powder, take 10 g of the test specimen, and suspend it in
90 mL of the buffer or fluid medium specified. A different
quantity or a larger volume of buffer and fluid medium than
indicated may be used for the suspension, if the nature of the
test specimen requires it. The suspension may be dispersed
well using, if necessary, a mechanical blender. A suitable sur-
face active agent (such as 0.1 w/v% Polysorbate 80) may be
added to aid dissolution.

Test procedures

(1) Pour Plate Method

Use petri dishes 9 to 10 cm in diameter. Use at least two
petri dishes for each dilution. Pipet 1 mL of the test fluid or
its diluted solution onto each petri dish aseptically. Promptly
add to each dish 15 to 20 mL of sterilized agar medium that
has previously been melted and kept below 45°C, and mix.
Primarily for the detection of aerobic microbes, use Soybean-
Casein Digest Agar Medium. For specimens that consist of
fragments of crude drugs, or to control the growth of fungi,
2,3,5-triphenyl-2H-tetrazolium chloride (TTC) TS for aero-
bic bacterial strains and amphotericin B TS as an antimycotic
may be added to the agar. Just prior to use, add 2.5-5 mL of
TTC TS or 2mL of amphotericin B TS per liter of sterile
medium and mix. Primarily for the detection of fungi, use
one of Sabouraud Glucose Agar with antibiotics, Potato
Dextrose Agar with antibiotics, and GP Agar Medium with
antibiotics. For an agar medium that is suffused with fungi,
Rose Bengal TS may be added to the agar. Add 5 mL of Rose
Bengal TS per liter of agar medium, mix and sterilize by heat-
ing in an autoclave at 121°C for 15 to 20 minutes. After the
agar solidifies, incubate the plates for at least 5 days at be-
tween 30°C and 35°C for aerobic bacteria, and between 20°C
and 25°C for fungi. If too many colonies are observed, dilute
the fluid as described above so that a colony count of not
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more than 300 per plate may be expected in the case of aero-
bic bacteria, and not more than 100 per plate in the case of
fungi. If a reliable count is obtained in a shorter incubation
time than 5 days, this may be adopted.

(2) Spread Plate Method

On the solidified and dried surface of the agar medium,
pipet 0.05 to 0.2 mL of the test fluid and spread it on the sur-
face with a spreader. The diameter of petri dishes, the kind
and volume of the medium to be used, TS to be added, tem-
perature and time of incubation, and the method for calcula-
tion of total viable count are the same as described in the
Pour Plate Method section.

(3) Serial Dilution Method (Most Probable Number
Method)

Prepare tubes each containing 9 to 10 mL of Fluid Soy-
bean-Casein Digest Medium. To each of the first three tubes
add 1 mL of the test fluid (containing 0.1 g or 0.1 mL of
specimen), resulting in 1 in 10 dilution. To the next three
tubes add 1 mL of a 1 in 10 dilution of the fluid, resulting in 1
in 100 dilution. To the next three tubes add 1 mL of a 1 in 100
dilution of the fluid, resulting in 1 in 1000 dilution. If neces-
sary, dilute further. To the last three tubes add 1 mL of the
diluent as a control. Incubate the tubes between 30°C and 35
°C for not less than 5 days. The control tubes should show no
microbial growth. If the reading of the results is difficult or
uncertain, transfer about 0.1 mL to a liquid or solid medium
and read the results after a further period of incubation be-
tween 30°C and 35°C for 24 to 72 hours. Determine the most
probable number of microorganisms per g or per mL of the
specimen from Table 5.02-1.

Table 5.02-1. Most probable number of microorganisms

Number of tubes in which microbial

growth is observed for each

quantity of the specimen nlllvrlr?tf;rp;(f)t;s})clreo-

0.1 gor 0.01 g or 1 mg or organisms per
0.1mL 0.01 mL 1uL g or per mL
per tube per tube per tube

3 3 3 >1100

3 3 2 1100

3 3 1 500

3 3 0 200

3 2 3 290

3 2 2 210

3 2 1 150

3 2 0 90

3 1 3 160

3 1 2 120

3 1 1 70

3 1 0 40

3 0 3 95

3 0 2 60

3 0 1 40

3 0 0 23

If, for the first column (0.1 g or 0.1 mL of specimen), the
number of tubes showing microbial growth is two or less, the
most probable number of microorganisms per g or per mL is
likely to be less than 100.

(4) Membrane Filtration Method

This method employs membrane filters of appropriate
materials, having a normal pore size not greater than 0.45
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um. Filter discs about 50 mm in diameter are recommended,
but filters of a different diameter may also be used. Filters,
the filtration apparatus, media, etc., should be well sterilized.
Usually, take 20 mL of the test fluid (containing 2 g of test
specimen), transfer 10 mL of the solution to each of two
membrane filters, and filter. If necessary, dilute the pretreat-
ed preparation so that a colony count of 10 to 100 may be ex-
pected. After the filtration of the test fluid, wash each mem-
brane by filtering through it three or more times with a suita-
ble liquid such as Buffered Sodium Chloride-Peptone Solu-
tion, pH 7.0, Phosphate Buffer, pH 7.2, or the fluid medium
to be used. The volume of the washing to be used is approxi-
mately 100 mL each time, but if the filter disc is not about 50
mm in diameter, the volume may be adjusted according to
the size of the filter. For fatty substances, the washings may
contain a suitable surface-active agent such as Polysorbate
80. Put one of the membrane filters, intended primarily for
the enumeration of aerobic bacteria, on the surface of a plate
of Soybean-Casein Digest Agar and the other, intended
primarily for the enumeration of fungi, on the surface of a
plate of one of Sabouraud Glucose Agar with antibiotics,
Potato Dextrose Agar with antibiotics, and GP Agar Medi-
um with antibiotics. After incubation of the plates for at least
5 days, at between 30°C and 35°C in the test for the detection
of aerobic bacteria and between 20°C and 25°C in the test for
fungi, count the number of colonies that are formed. If a
reliable count is obtained in a shorter incubation time than 5
days, this may be adopted.

Effectiveness of culture media and confirmation of an-
timicrobial substances

Use microorganisms of the following strains or their
equivalent. Grow them in Fluid Soybean-Casein Digest Medi-
um between 30°C and 35°C for aerobic bacteria and between
20°C and 25°C for Candida albicans.

Escherichia coli, NBRC 3972, ATCC 8739,
NCIMB 8545, etc.
NBRC 3134, ATCC 6633,
NCIMB 8054, etc.
NBRC 13276, ATCC 6538,
NCIMB 9518, etc.
NBRC 1393, NBRC 1594,
ATCC 2091, ATCC 10231, etc.

Dilute portions of each of the cultures using Buffered
Sodium Chloride-Peptone Solution, pH 7.0, or Phosphate
Buffer, pH 7.2 to prepare test suspensions containing 50 to
200 cfu per mL. Growth-promoting qualities are tested by in-
oculating 1 mL of each microorganism into each medium.
The test media are satisfactory if clear evidence of growth ap-
pears in all inoculated media after incubation at the indicated
temperature for 5 days. When a count of test organisms with
a test specimen is less than 1/5 of that without the test speci-
men, any such effect must be eliminated by dilution, filtra-
tion, neutralization or inactivation. To confirm the sterility
of the medium and of the diluent and the aseptic perfor-
mance of the test, carry out the total viable count method us-
ing sterile Buffered Sodium Chloride-Peptone Solution, pH
7.0 or Phosphate Buffer, pH 7.2 as the control.

Bacillus subtilis,
Staphylococcus aureus,

Candida albicans,

2. Test for the detection of specified microorganisms

Enterobacteria and certain other gram-negative bacteria,
Escherichia coli, Salmonella and Staphylococcus aureus, are
included as target strains of the test.
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Sampling and Preparation of the test specimens
Refer to the paragraph on Sampling and Preparation of
the Test Solution in Total viable aerobic count.

Preparation of the test fluid

If necessary, refer to the paragraph on Preparation of the
Test Fluid in Total viable aerobic count. When test specimens
are prepared, use the medium designated in each test, unless
otherwise specified. If necessary, eliminate antimicrobial sub-
stances so as to permit growth of the inocula, and adjust the
quantity of test specimen or increase the volume of medium
to suitable values.

Test Procedure

(1) Enterobacteria and certain other gram-negative bac-
teria

(i) Detection of bacteria

To 10 g or 10 mL of the test specimen add 90 mL of Fluid
Lactose Medium to form a suspension or solution. Transfer
10 mL to 90 mL of Enterobacteria enrichment broth Mossel
and incubate at between 35°C and 37°C for 18 to 24 hours.
Mix by gently shaking the container, take a portion by means
of an inoculating loop, and streak it on the surface of Crystal
violet, Neutral red, Bile Agar with glucose. Incubate at be-
tween 35°C and 37°C for 18 to 24 hours. If red or reddish
colonies are found, the specimen may contain Enterobacteria
and certain other gram-negative bacteria.

(i) Quantitative evaluation

If Enterobacteria and certain other gram-negative bacteria
are found, to 10 g or 10 mL of the test specimen add 90 mL
of Fluid Lactose Medium to form a suspension or solution.
Transfer 1 mL of the test fluid (containing 0.1 g or 0.1 mL of
specimen) to a tube containing 9 mL of the fluid, and mix.
Next, transfer 1 mL of the test fluid (containing 0.01 g or 0.01
mL of specimen) to a tube containing 9 mL of the fluid, and
mix. Furthermore, transfer 1 mL of the test fluid (containing
1 mg or 1 uL of specimen) to a tube containing 9 mL of the
fluid, and mix. Incubate the tubes at between 35°C and 37°C
for 18 to 24 hours, take a portion by means of an inoculating
loop, and streak it on the surface of Crystal violet, Neutral
red, Bile Agar with glucose. Incubate at between 35°C and
37°C for 18 to 24 hours. If red or reddish colonies are found,
this constitutes a positive result. Note the smallest quantity of
the product which gives a positive result and the largest quan-
tity that gives a negative result. Determine from Table 5.02-2
the probable number of microorganisms.

Table 5.02-2. Most probable number of microorganisms

Results for each quantity of product Probable number of

microorganisms
Gles | NLE | PR elpererpem
+ + + more than 103
+ + - less than 10 and
more than 102
+ — — less than 102 and
more than 10!
- - - less than 10!

(2) Escherichia coli

(i) Detection of bacteria

To 10 g or 10 mL of the test specimen add 90 mL of Fluid
Lactose Medium to make a suspension or solution. Transfer
1 mL to a fermentation tube containing 9 to 10 mL of EC
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broth and incubate the tube at 44.5+0.2°C for 24 £+ 2 hours
in a water bath. If gas bubbles are not found, the specimen
meets the requirements of the test for absence of Escherichia
coli. If gas bubbles are found, take a portion by means of an
inoculating loop, and streak it on the surface of EMB Agar
Medium. Incubate at between 30°C and 35°C for 18 to 24
hours. Upon examination, if none of the colonies exhibits
both a characteristic metallic sheen and a blue-black appear-
ance under transmitted light, the specimen meets the require-
ments of the test for absence of Escherichia coli. Confirm any
suspect colonies on the plate by means of the IMViC test.
(Indole production test, Methyl red reaction test, Voges-
Proskauer test, and Citrate utilization test); colonies which
exhibit the pattern of either [+ + — —] or [— + — —] are
judged as Escherichia coli. Rapid detection kits for Es-
cherichia coli may also be used.

(i) Quantitative evaluation

If Escherichia coli is found, prepare tubes each containing
9to 10 mL of EC broth. Use three tubes for each dilution. To
10 g or 10 mL of the test specimen add 90 mL of Fluid Lac-
tose Medium and suspend or dissolve. To each of the first
three fermentation tubes add 1 mL of the test fluid (contain-
ing 0.1 g or 0.1 mL of specimen), resulting in 1 in 10 dilution.
To the next three fermentation tubes add 1 mL of a 1 in 10 di-
lution of the fluid, resulting in 1 in 100 dilution. To the next
three fermentation tubes add 1 mL of a 1 in 100 dilution of
the fluid, resulting in 1 in 1000 dilution. To the last three fer-
mentation tubes add 1 mL of the diluent as a control. Incu-
bate the tubes at 44.5+0.2°C for 24+2 hours in a water
bath. If gas bubbles are found, take a portion by means of an
inoculating loop, and streak it on the surface of EMB Agar
Medium. Incubate at between 30°C to 35°C for 18 to 24
hours. Upon examination, colonies of Gram-negative organ-
isms show both a characteristic metallic sheen and a blue-
black appearance under transmitted light. Determine the
most probable number of microorganisms per g or per mL of
the specimen from Table 5.02-1.

(3) Salmonella

As in the case of the detection of Escherichia coli, to 10 g
or 10 mL of the test specimen add 90 mL of Fluid Lactose
Medium to form a suspension or solution. Incubate at be-
tween 30°C to 35°C for 24 to 72 hours. Examine the medium
for growth, and if growth is apparent, mix by gentle shaking,
then pipet 1 mL portions, respectively, into 10 mL of Fluid
Selenite-Cystine Medium and Fluid Tetrathionate Medium,
and incubate for 12 to 24 hours. 10 mL of Fluid Selenite-
Cystine Medium may be replaced by the same volume of
Fluid Rappaport Medium. After the incubation, streak por-
tions from both the fluid media on the surface of at least two
of Brilliant Green Agar Medium, XLD Agar Medium, and
Bismuth Sulfite Agar Medium, and incubate at between 30°C
and 35°C for 24 to 48 hours. Upon examination, if none of
the colonies conforms to the description given in Table
5.02-3, the specimen meets the requirements of the test for
the absence of the genus Salmonella. If colonies of Gram-
negative rods matching the description in Table 5.02-3 are
found, transfer suspect colonies individually, by means of an
inoculating wire, to a slant of TSI Agar Medium using both
surface and deep inoculation. Incubate at between 35°C and
37°C for 18 to 24 hours. The presence of genus Sa/monella is
confirmed if, in the deep culture but not in the surface cul-
ture, there is a change of color from red to yellow and usually
formation of gas with or without production of hydrogen sul-
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fide. Precise identification and typing of genus Salmonella
may be carried out by using appropriate biochemical and
serological tests additionally, including an identification kit.

Table 5.02-3. Morphologic characteristics of Salmonella
species on selective agar media

Medium Description of colony

Brilliant Green Agar | Small, transparent and colorless, or
Medium opaque, pink or white (often
surrounded by a pink to red zone)

XLD Agar Medium | Red, with or without a black center

Bismuth Sulfite Agar | Black or green
Medium

(4) Staphylococcus aureus

To 10 g or 10 mL of the test specimen add 90 mL of Fluid
Soybean-Casein Digest Medium, or another suitable fluid
medium without antimicrobial activity, to form a suspension
or solution. Incubate the fluid containing the specimen at be-
tween 30°C and 35°C for 24 to 48 hours, and pipet 1 mL into
9 mL of Fluid Soybean-Casein Digest Medium with 7.5% so-
dium chloride. If, upon examination, growth is apparent, use
an inoculating loop to streak a portion of the medium on the
surface of one of Vogel-Johnson Agar Medium, Baird-Par-
ker Agar Medium, or Mannitol-Salt Agar Medium, and incu-
bate at between 30°C and 35°C for 24 to 48 hours. Upon ex-
amination, if no colonies of Gram-positive rods having the
characteristics listed in Table 5.02-4 are found, the specimen
meets the requirements of the test for the absence of
Staphylococcus aureus. Confirm any suspect colonies as
Staphylococcus aureus by means of the coagulase test. With
the aid of an inoculating loop, transfer suspect colonies to in-
dividual tubes, each containing 0.5 mL of mammalian,
preferably rabbit or horse, plasma with or without suitable
additives. Incubate in a thermostat at 37 +£ 1°C. Examine the
coagulation after 3 hours and subsequently at suitable inter-
vals up to 24 hours. Test positive and negative controls simul-
taneously. If no coagulation is observed, the specimen meets
the requirements of the test for the absence of Staphylococ-
cus aureus.

Table 5.02-4. Morphologic characteristics of Staphylococ-
cus aureus on selective agar media

Medium Colonial characteristics

Vogel-Johnson Agar | Black surrounded by a yellow zone
Medium

Baird-Parker Agar
Medium

Black, shiny, surrounded by a clear zone

Mannitol-Salt Agar | Yellow colonies surrounded by a yellow
Medium zone

Effectiveness of culture media and confirmation of an-
timicrobial substances

Grow the test strains listed in Table 5.02-5 in the media in-
dicated at between 30°C and 35°C for 18 to 24 hours. Dilute
portions of each of the cultures using Buffered Sodium Chlo-
ride-Peptone Solution, pH 7.0, Phosphate Buffer, pH 7.2, or
medium indicated for each bacterial strain to make test sus-
pensions containing about 1000 cfu per mL. As occasion de-
mands, using a mixture of 0.1 mL of each suspension of Es-
cherichia coli, Salmonella and Staphylococcus aureus con-
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taining about 1000 cfu, test the validity of the medium and
the presence of antimicrobial substances in the presence or
absence of the specimen.

Table 5.02-5. Bacteria strains and media used for confirma-
tion of the effectiveness of culture medium and validity of the
test for specified microorganisms

Microorganism Strain number Media

NBRC 3972, ATCC
8739, NCIMB 8545 or
equivalent strains

Fluid Lactose
Medium

Escherichia coli

Salmonella No strain number is Fluid Lactose
recommended® Medium
Staphylococcus NBRC 13276, ATCC Fluid Soybean-
aureus 6538, NCIMB 9518 or Casein Digest

equivalent strains Medium

*Salmonella strains of weak or no pathogenicity may be used.
Salmonella typhi may not be used.

Retest

For the purpose of confirming a doubtful result, a retest is
conducted using a test specimen 2.5 times larger than the first
test specimen. Proceed as directed under Test procedure, but
make allowance for the larger specimen size, for example by
adjusting the volume of the medium.

3. Buffer solution, media and test solution (TS)

Buffer solution, media and TS used for the microbial limit
test are described below. Other media may be used if they
have similar nutritive ingredients, and selective and growth-
promoting properties for the microorganisms to be tested.

(1) Buffer solution

(i) Phosphate Buffer, pH 7.2

Stock Solution: Dissolve 34 g of potassium dihydrogen
phosphate in about 500 mL of water. Adjust to pH 7.1to 7.3
by the addition of 175 mL of sodium hydroxide TS, add
water to make 1000 mL, and use this solution as the stock so-
lution. After sterilization by heating in an autoclave, store
under refrigeration. For use, dilute the Stock Solution with
water in the ratio of 1 to 800, and sterilize at 121°C for 15 to
20 minutes.

(ii) Buffered Sodium Chloride-Peptone Solution, pH 7.0

Potassium dihydrogen phosphate 3.56¢g
Disodium hydrogen phosphate

dodecahydrate 18.23 g
Sodium chloride 430 ¢g
Peptone 1.0 g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
6.9 - 7.1. Polysorbate 20 or 80 (0.1 to 1.0 w/v%) may be ad-
ded.

(2) Media

(i) Soybean-Casein Digest Agar Medium

Casein peptone 150¢g
Soybean peptone 50¢g
Sodium chloride 50g
Agar 15.0 g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
7.1-7.3.

(ii) Fluid Soybean-Casein Digest Medium
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Casein peptone 17.0 g
Soybean peptone 30g
Sodium chloride 50g
Dipotassium hydrogen phosphate 25¢g
Glucose 25¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
7.1-17.5.

(iii) Sabouraud Glucose Agar Medium with Antibiotics

Peptone (animal tissue and casein) 10.0 g
Glucose 40.0 g
Agar 150¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
5.4 -5.8. Just prior to use, add 0.10 g of benzylpenicillin
potassium and 0.10 g of tetracycline per liter of medium as
sterile solutions or, alternatively, add 50 mg of chloram-
phenicol per liter of medium.

(iv) Potato Dextrose Agar Medium with Antibiotics

Potato extract 40¢g
Glucose 20.0 g
Agar 150¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
5.4 -5.8. Just prior to use, add 0.10 g of benzylpenicillin
potassium and 0.10 g of tetracycline per liter of medium as
sterile solutions or, alternatively, add 50 mg of chloram-
phenicol per liter of medium.

(v) GP (Glucose-peptone) Agar Medium with Antibio-
tics

Glucose 20.0 g
Yeast extract 20¢g
Magnesium sulfate heptahydrate 0.5¢
Peptone 50g
Potassium dihydrogen phosphate 1.0¢g
Agar 150¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
5.6 -5.8. Just prior to use, add 0.10 g of benzylpenicillin
potassium and 0.10 g of tetracycline per liter of medium as
sterile solutions or, alternatively, add 50 mg of chloram-
phenicol per liter of medium.

(vi) Fluid Lactose Medium

Meat extract 30¢g
Gelatin peptone 50¢g
Lactose monohydrate 50¢g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
6.7 - 7.1. After sterilization, cool immediately.

(vii) Fluid EC Medium

Peptone 20.0 g
Lactose monohydrate 50g
Bile salts 1.5¢

Dipotassium hydrogen phosphate 40¢g
Potassium dihydrogen phosphate 1.5¢
Sodium chloride 50g
Water 1000 mL
Mix all the components, and sterilize by heating in an au-
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toclave at 121°C for 15 to 20 minutes. pH after sterilization:
6.8 - 7.0. After sterilization cool immediately. If gas remains
in durham tube after cool, do not use the tube.
(viii) EMB (Eosin-Methylene Blue) Agar Medium
Gelatin peptone 100 g
Dipotassium hydrogen phosphate 20¢g

Lactose monohydrate 10.0 g
Agar 15.0g
Eosin 0.40g
Methylene blue 0.065 g
Water 1000 mL

Mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
6.9-17.3.

(ix) Fluid Enterobacteria Enrichment Broth Mossel
Medium

Gelatin peptone 100 g
Glucose 50¢g
Bile salts 20.0 g

Potassium dihydrogen phosphate 20¢g
Disodium hydrogen phosphate

dodecahydrate 8.0¢g
Brilliant green 0.015¢g
Water 1000 mL

Mix all the components, boil at 100°C for 30 minutes, and
cool immediately. pH after boiling: 7.0 - 7.4.
(x) VRB (Violet/Red/Bile) Agar with glucose

Yeast extract 30¢g
Gelatin peptone 70¢g
Bile salts 1.5¢
Lactose monohydrate 100 g
Sodium chloride 50g
Glucose 10.0 g
Agar 15.0 g
Neutral red 0.030 g
Crystal violet 0.002 g
Water 1000 mL

Mix all the components, and boil to effect solution. pH
after boiling: 7.2 - 7.6. Do not sterilize in an autoclave.
(xi) Fluid Selenite-Cystine Medium

Gelatin peptone 50¢g
Lactose monohydrate 40¢g
Trisodium phosphate dodecahydrate 10.0 g
Sodium selenite 40¢g
L-Cystine 0.010 g
Water 1000 mL

Mix all the components, and heat to dissolve. Final pH: 6.8
-17.2. Do not sterilize.
(xii) Fluid Tetrathionate Medium

Casein peptone 25¢g
Animal tissue peptone 25¢g
Sodium desoxycholate 1.0¢g
Calcium carbonate 10.0 g
Sodium thiosulfate pentahydrate 300 g
Water 1000 mL

Heat the solution of solids to boiling. On the day of use,
add a solution prepared by dissolving 5 g of potassium iodide
and 6 g of iodine in 20 mL of water. Then add 10 mL of a so-
lution of brilliant green (1 in 1000), and mix. Do not heat the
medium after adding the brilliant green solution.

(xiii) Fluid Rappaport Medium

Soybean peptone 50¢g
Sodium chloride 8.0¢g
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Potassium dihydrogen phosphate 1.6 g
Malachite green oxalate 0.12¢g
Magnesium chloride hexahydrate 40.0 g
Water 1000 mL

Dissolve malachite green oxalate and magnesium chloride
hexahydrate, and the remaining solids separately in the
water, and sterilize by heating in an autoclave at 121°C for 15
to 20 minutes. For the use, mix the both solutions after
sterilization. Final pH: 5.4 - 5.8.

(xiv) Brilliant Green Agar Medium

Peptones (animal tissue and casein) 10.0 g
Yeast extract 30¢g
Sodium chloride 50g
Lactose monohydrate 10.0 g
Sucrose 10.0 g
Phenol red 0.080 g
Brilliant green 0.0125 g
Agar 20.0 g
Water 1000 mL

Mix all the components, and boil for 1 minute. Sterilize
just prior to use by heating in an autoclave at 121°C for 15 to
20 minutes. pH after sterilization: 6.7 - 7.1. Cool to about 50
°C and pour to petri dishes.

(xv) XLD (Xylose-Lysine-Desoxycholate) Agar Medium

D-Xylose 35¢g
L-Lysine monohydrochloride 50g
Lactose monohydrate 7.5¢g
Sucrose 7.5¢
Sodium chloride 50g
Yeast extract 30¢g
Phenol red 0.080 g
Sodium desoxycholate 25¢
Sodium thiosulfate pentahydrate 6.8 ¢
Ammonium iron (III) citrate 0.80g
Agar 13.5¢
Water 1000 mL

Mix all the components, and boil to effect solution. pH
after boiling: 7.2 - 7.6. Do not sterilize in an autoclave or
overheat. Cool to about 50°C and pour to petri dishes.

(xvi) Bismuth Sulfite Agar Medium

Meat extract 50¢g
Casein peptone 50g
Animal tissue peptone 50g
Glucose 50¢g
Trisodium phosphate dodecahydrate 4.0 g
Iron (II) sulfate heptahydrate 0.30g
Bismuth sulfite indicator 8.0¢g
Brilliant green 0.025¢g
Agar 200 g
Water 1000 mL

Mix all the components, and boil to effect solution. pH
after boiling: 7.4 - 7.8. Do not sterilize in an autoclave or
overheat. Cool to about 50°C and pour to petri dishes.

(xvii) TSI (Triple Sugar Iron) Agar Medium

Casein peptone 10.0 g
Animal tissue peptone 10.0 g
Lactose monohydrate 10.0 g
Sucrose 10.0 g
Glucose 1.0¢g
Ammonium iron (II) sulfate hexahy-

drate 0.20 g
Sodium chloride 50g
Sodium thiosulfate pentahydrate 0.20 g
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Phenol red 0.025 g
Agar 13.0g
Water 1000 mL

Mix all the components, and boil to effect solution. Dis-
tribute in small tubes and sterilize by heating in an autoclave
at 121°C for 15 to 20 minutes. pH after sterilization: 7.1 -
7.5. Use as a slant agar medium. The medium containing 3 g
of meat extract or yeast extract additionally, or the medium
containing ammonium iron (III) citrate instead of ammoni-
um iron (II) sulfate hexahydrate may be used.

(xviii) Fluid Soybean-Casein Digest Medium with 7.5%
Sodium Chloride

Casein peptone 17.0 g
Soybean peptone 30g
Sodium chloride 75.0 g
Dipotassium hydrogen phosphate 25¢g
Glucose 25¢g
Water 1000 mL

Add the sodium chloride 70.0 g for (ii) Fluid Soybean-
Casein Digest Medium (containing 5 g of sodium chloride),
mix all the components, and sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes. pH after sterilization:
7.1-1.5.

(xix) Vogel-Johnson Agar Medium

Casein peptone 10.0 g
Yeast extract 50g
D-Mannitol 10.0 g
Dipotassium hydrogen phosphate 50g
Lithium chloride 50¢g
Glycine 10.0 g
Phenol red 0.025¢g
Agar 16.0 g
Water 1000 mL

Mix all the components, and boil for 1 minute to make so-
lution. Sterilize by heating in an autoclave at 121°C for 15 to
20 minutes, and cool to between 45°C and 50°C. pH after
sterilization: 7.0 - 7.4. To this solution add 20 mL of sterile
potassium tellurite solution (1 in 100), and mix.

(xx) Baird-Parker Agar Medium

Casein peptone 100 g
Meat extract 50¢g
Yeast extract 1.0g
Lithium chloride 50¢g
Glycine 12.0 g
Sodium pyruvate 100 g
Agar 20.0 g
Water 950 mL

Mix all the components. Heat the mixture with frequent
agitation, and boil for 1 minute. Sterilize by heating in an au-
toclave at 121°C for 15 to 20 minutes, and cool to between 45
°C and 50°C. pH after sterilization: 6.6 — 7.0. To this solu-
tion add 10 mL of sterile potassium tellurite solution (1 in
100) and 50 mL of egg-yolk emulsion. Mix gently, and pour
into petri dishes. Prepare the egg-yolk emulsion by mixing
egg-yolk and sterile saline with the ratio of about 30% to
70%.

(xxi) Mannitol-Salt Agar Medium

Casein peptone 50¢g
Animal tissue peptone 50g
Meat extract 1.0¢g
D-Mannitol 10.0 g
Sodium chloride 75.0 g
Phenol red 0.025 g
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Agar 150¢g
Water 1000 mL

Mix all the components. Heat with frequent agitation, and
boil for 1 minute. Sterilize by heating in an autoclave at
121°C for 15 to 20 minutes. pH after sterilization: 7.2 - 7.6.

(3) Reagents- Test solutions

Amphotericin B powder Amphotericin B added sodium
deoxycholic acid, sterilized by y-ray.

Amphotericin B TS Dissolve 22.5 mg of amphotericin B
powder in 9 mL of sterile purified water.

Bile salts Yellow-brown powder made from dried bile of
animal, consist of sodium taurocholic acid and sodium
glycocholic acid, and containing not less than 45% of cholic
acid. pH of 5% solution: 5.5 - 7.5.

Rose bengal C,H,Cl4I,Na,O5 [Special
brown powder, purple-red solution in water.

Rose bengal TS Dissolve 1 g of rose bengal in water to
make 100 mL.

TTC TS (2,3,5-Triphenyl-2H-tetrazolium chloride TS)

Dissolve 0.8 g of 2,3,5-triphenyl-2H-tetrazolium chlorid in
water to make 100 mL, distribute in small tubes, and sterilize
by heating in an autoclave at 121°C for 15 to 20 minutes.
Store in light-resistant containers.

(4) Preparation

Preparation of agar medium with TTC

Just prior to use, add 2.5 to S mL of TTC TS per liter of
sterile agar medium and mix.

Preparation of agar medium with amphotericin B

Just prior to use, add 2 mL of amphotericin B TS in a liter
of agar medium, previously sterilized in an autoclave at
121°C for 15 to 20 minutes, and mix.

Preparation of agar medium with rose bengal

Add 5 mL of rose bengal TS in a liter of agar medium, and
mix. Sterilize in an autoclave at 121°C for 15 to 20 minutes.

class] Red-

6. Tests for Preparations in
Ophthalmic Ointments

6.01 Test for Metal Particles in
Ophthalmic Ointments

Test of Metal Particles in Ophthalmic Ointments is a
method to test the existence of foreign metal particles in the
ophthalmic ointments described in General Rules for Prepa-
rations.

Preparation of test sample

The test should be carried out in a clean place. Take 10
ophthalmic ointments to be tested, and extrude the contents
as completely as practicable into separate flat-bottomed petri
dishes 60 mm in diameter when the amount of the content is 5
g or less. Weigh 5 g of the contents when the amount of the
content is more than 5 g, and proceed in the same manner as
described above. Cover the dishes, and heat between 85°C
and 110°C for 2 hours to dissolve bases. Allow the samples to
cool to room temperature without agitation to solidify the
contents.

Procedure
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Invert each dish on the stage of a suitable microscope
previously adjusted to provide more than 40 times magnifica-
tions and equipped with an eyepiece micrometer disk. Each
dish is illuminated from above 45° relative to the plane of the
dish. Examine the entire bottom of each dish for metal parti-
cles, and record the total number of particles, measuring 50
um or more in any dimension.

Note: Use petri dishes with a clean bottom and free from
foams and scratches, and if possible, the walls are at right an-
gles with the bottom.

6.02 Uniformity of Dosage Units

This test is harmonized with the European Pharmacopoeia
and the U. S. Pharmacopeia. The parts of the text that are
not harmonized are marked with symbols (* ).

The term ““Uniformity of dosage unit’’ is defined as the
degree of uniformity in the amount of the drug substance
among dosage units. Therefore, the requirements of this
chapter apply to each drug substance being comprised in
dosage units containing one or more drug substances, unless
otherwise specified elsewhere in this Pharmacopoeia.

To ensure the consistency of dosage units, each unit in a
batch should have a drug substance content within a narrow
range around the label claim. Dosage units are defined as
dosage forms containing a single dose or a part of a dose of a
drug substance in each dosage unit. The Uniformity of
Dosage Units specification is not intended to apply to suspen-
sions, emulsions, or gels in unit-dose containers intended for
external, cutaneous administration.

The uniformity of dosage units can be demonstrated by
either of two methods, Content uniformity or Mass variation
(see Table 6.02-1.). The test for Content Uniformity of
preparations presented in dosage units is based on the assay
of the individual contents of drug substance(s) of a number
of dosage units to determine whether the individual contents
are within the limits set. The Content Uniformity method
may be applied in all cases.

The test for Mass Variation is applicable for the following
dosage forms:

(1) solutions enclosed in unit-dose containers and into soft
capsules ®in which all components are perfectly dis-
solved; o

(2) solids (including powders, granules and sterile solids)
that are packaged in single-unit containers and contain
no active or inactive added substances;

(3) solids (including sterile solids) that are packaged in sin-
gle-unit containers, with or without active or inactive
added substances, that have been prepared from true so-
lutions and freeze-dried in the final containers and are
labeled to indicate this method of preparation; and

(4) hard capsules, uncoated tablets, or film-coated tablets,
containing 25 mg or more of a drug substance compris-
ing 25% or more, by weight, of the dosage unit or, in
the case of hard capsules, the capsule contents, *or in
the case of film-coated tablets, the pre-coated tablets, o
exce